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PREFACE TO THE SECOND EDITION 



In preparing a new edition of this book, the original 
text has been largely extended and revised. Every state- 
ment has as far as possible been brought down to the 
present date ; and the more important developments of 
the past two and a half years have been taken up, each in 
its appropriate place. In a number of cases the conclu- 
sions themselves have been rewritten. 

The author has made every effort to correct errors 
both of fact and judgment, and wishes here to express 
his warm appreciation to certain among the men best 
acquainted with the development of scientific manage- 
ment for the unstinted aid which they have given him in 
this task. Several went through the entire book very 
carefully, and practically all whose connection with the 
scientific management movement is discussed herein 
have given their criticism on the pertinent sections. 

No other person, however, has any responsibility 
whatsoever for the statements as they now stand. In 
each case I have tried simply to record my own impres- 
sions, as clearly as possible, and without hesitating 
because of any feeling of friendship or hostility which I 
might have acquired towards men or institutions. This 
was an easy matter in the preparation of the first edi- 
tion, for my acquaintance with the personalities involved 
was as yet brief and impersonal. I have tried to main- 
tain the same attitude in the present writing. 

Horace B. Drury. 

January, 1918. 
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PART I 
A HISTORY OF SCIENTIFIC MANAGEMENT 



CHAPTER I 

The Meaning of Scientific Management 
i. the origin of the term 

The significance which has come to be associated with' 
the words scientific management may be traced to an event 
which occurred in the latter part of 1910. In the early 
summer of that year, the railroads of the United States 
north of the Ohio and Potomac rivers and east of the 
Mississippi had filed with the Interstate Commerce Com- 
mission new freight tariffs, so- framed as to involve a gen- 
eral and considerable advance in rates. The Interstate 
Commerce Commission had, on July 13, instituted an in- 
quiry into' the reasonableness of the proposed advances, 
and there had then followed in September, October, and 
November a series of hearings. The vast sums of money 
involved, and the fact that the impending decision might 
become an important precedent, led to a contest of extra- 
ordinary intensity on the part of both the railroads and 
their opponents, the shippers. 

It happened that Louis D. Brandeis (the present Justice 
Brandeis) had assumed the leading position among the 
fifteen or twenty attorneys lined up against the proposed 
advances. The railroads, upon whom the law had placed 
the burden of proof, had maintained that the advances 
were necessitated by an increase in operating costs, due 
mainly to a recent rise in wages. Wages, they pleaded, 
make up nearly one-half of the total cost of railroad opera- 
tion; and wages had been advanced in the spring of 1910 
289] 15 
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by from five to eight per cent. Therefore the railroads 
must receive greater revenue or they would not have 
funds enough to make desired improvements, or the credit 
requisite for the successful flotation of their securities. In 
the face of these arguments, Mn_ Brandeis dramatically 
took the aggressive, and striking out on a novel and unex- 
pected tack, he declared that there was a means by which 
the railroads could raise wages, and at the same time — in- 
stead of increasing costs — actually reduce them. This sys- 
temwhich meantjiigh^ wages and k>w labor-cost, he called 
scientific management. 

Where did Mr. Brandeis find scientific management? 

It may be stated that, prior to November, 19 10, there 
was nothing which was generally known by that title. The 
actual principles of the industrial system which Brandeis 
had in mind had indeed been in process of formation for 
about thirty years ; but " scientific management,", the name, 
had not yet become an all-embracing slogan. Research 
shows some adoption of the parts of this phrase : the word 
" management" had been very commonly used, as in the 
phrase " modern management " and scientific " also was 
a favorite term. Even the combination, " scientific man- 
agement," had occurred fortuitously in the writings of 
Frederick W. Taylor, the great leader in the movement, as 
early as 1903. 1 It is said, too, that the full expression was, 
at a later date, designedly used by Taylor in explaining his 
ideas to visitors at Chestnut Hill, Philadelphia. But these 
instances are cited merely by way of exception ; there were 
other real names for the system — names more precise and 
much more common. " Scientific management " had a defi- 
nite meaning for few persons, if any. 

1 " Shop Management," Transactions of the American Society of 
Mechanical Engineers, vol. xxiv, p. 1366. 
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Nor was this general ignorance merely one of words. 
The idea back of the new movement was itself unfamiliar 
to most persons. The essentials of scientific management 
had indeed been presented to an inner circle in papers read 
before the American Society of Mechanical Engineers; 
while a considerably wider public had noted the results of 
its application on the Sante Fe Railroad. But there was not, 
as later, a widespread popular movement, nor any general 
acquaintance with either principles or results. 

Such was the situation when Mr. Brandeis happened to 
be retained by a manufacturer * whose plant was operating 
under the plan to-day known by the name of scientific man- 
agement, but then unchristened. Brandeis, after studying 
the plant's organization, had become convinced of its in- 
trinsic merit. When therefore the railroads advanced the 
plea outlined above, he determined to propose, as an alter- 
nate solution of their dilemma, the adoption of the new 
principles : he made preparation to put on the witness stand 
some ten of the leading men connected with the movement. 2 

1 The late W. H. McElwain, shoe manufacturer. 

2 By way of comment on this paragraph, Justice Brandeis has advised 
us that throughout the thirty years of his professional contact with 
manufacturers and merchants, he had been interested in the questions 
of improved methods of production, and of accurate cost determination 
for each operation. With his client, McElwain, whose ability he greatly 
admired, he had often talked efficiency, and he had watched the progress 
made in McElwain's factories. Similar conversations had been held 
with other manufacturers. Taylor's paper on "Shop Management" 
fell into his hands at about the time it was published, and Harrington 
Emerson had told him of his experiences on the Santa Fe. However, 
"when I entered upon the Advance Rate Case, I had no thought of 
introducing the question of scientific management, and I supposed the 
leading railroads were efficient. Emerson's talk and Taylor's paper had 
wholly dropped from my mind. My intention then 1 was to contest the 
advance on the grounds later stated by the Commission in its opinion. 
But when I began to cross-examine the railroad witnesses on questions 
of cost and rate-making, I found apparent ignorance of the costs of 
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As a preliminary step along this line, Mr. Brandeis called 
together several of his prospective witnesses for the purpose 
of working out a plan of presentation. He desired that they 
should reach an agreement whereby the same things should 
always be called by the same names, and that — most im- 
portant of all — a single term might be found which would 
apply to the system as a whole. This word or phrase 
should properly describe the system, and at the same time 
appeal to the imagination. The conference, held in the 
month of October, 1910, included five or six persons. 
After those present had considered the merits of about half 
a dozen different phrases, all agreed that, for the purpose 
of the hearings, the term " scientific management " should 
officially designate the system. 1 

The witnesses were introduced on the afternoon of Na- 
vember 21, and the hearing of their testimony, together 
with cross-examination, took up almost all of two days and 
a half. The witnesses testified that in their experience the 
application of scientific management — whether to the hand- 
ling of pig iron, the shoveling of coal, bricklaying, or 
machinery manufacture — had increased the output per 
workman to at least two or three times its former volume. 
Especially startling was the statement of Harrington Emer- 
son that the railroads of the United States might save 

specific operations and a disregard of cost in rate-making. I felt that 
in cost accounting, railroads were far behind the competitive manu- 
facturing businesses, and was convinced that without knowledge of 
costs high efficiency was unattainable. I began to probe. Then I re- 
called what I had read of Taylor and heard from Emerson, and sought 
out them and the others." 

1 This meeting, held at the apartments of H. L. Gantt, was, accord- 
ing to R. T. Kent, attended by Louis D. Brandeis, Henry L. Gantt, 
Frank B. Gilbreth, Henry V. Sheet, and Robert T. Kent. We are told 
by Mr. Brandeis that among the names suggested were "Taylor Sys- 
tem," "Functional Management," "Shop Management," and "Effi- 
ciency." 
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$1,000,000 a day by paying greater attention to efficiency 
of operation. Early in January following Mr. Brandeis 
submitted a long brief, about half of which was devoted to 
the subject of scientific management. A few days later his 
final oral argument on this topic was delivered before the 
Commission. 

The effect of the insertion of the scientific management 
argument into the rate hearings contest was felt almost in- 
stantaneously by the whole country. Only a few days after 
the introduction of the evidence, the early December re- 
views 1 of current events gave great space to the dramatic 
testimony of some of the witnesses. By January, one of 
the leading railroad journals 2 had begun a series of articles 
in which the railroads were defended against the implica- 
tion that they were inefficiently managed. And through 
January, February, March, and every month of 191 1, the 
periodical press, popular as well as technical, was filled with 
explanation after explanation as to what scientific manage- 
ment is, why it is good, or why it is worthless. By the fall 
of 191 1, Dartmouth College had arranged for a conference 
to spread information as to the merits of scientific manage- 
ment; 3 while on the other hand, owing to the demands of 
organized labor, a special House committee was inquiring 
as to whether Congress should forbid the system in the 
government service.* In March, 19 12, an efficiency society 

1 See Outlook and Survey for Dec. 3, 1910. 
'Railway Age Gazette, Jan.- July, 191 1. 

* See Addresses and Discussions at the Conference on Scientific Man- 
agement held Oct. 12, 13, 14, 1911. First Tuck School Conference, 
Dartmouth College Conferences. Published by the Amos Tuck School 
of Administration and Finance, Dartmouth College, 1912. 

* This committee was composed of Wm. B. Wilson, chairman, Wm. 
C. Redfield, and John Q. Tilson. See House of Representatives' Report 
no. 403, 62d Congress, 2d Session, for the committee's guarded ap- 
proval of some and condemnation of other of the features of scientific 
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was organized in New York City for the specific purpose 
of applying the principles of efficiency in every department 
of life. 1 And in the course of a few years many of the lead- 
ing universities had established courses on scientific man- 
agement. 2 The vision of the movement is suggested by the 
statement of a former Harvard instructor 3 to the effect that 
scientific management seems " to be the most important prob- 
lem from the practical and theoretical point of view now be- 
fore the industrial world." Significant also is the exhaustive 
treatment of scientific management in a series of addresses 
delivered before the Western Economic Association, and 
published in the Journal of Political Economy in May, June, 
and July, 1913. 

In order to place before the eye further and final proof 
that it was the rate hearings episode which introduced scien- 
tific management to the public, a statistical analysis has been 
made: 

The yearly output of accessible periodical contributions 
whose titles have contained the term "scientific manage- 
ment " 4 has been counted, and found to be — 

management. Also see Hearings before Special Committee of the 
House of Representatives to Investigate the Taylor and Other Systems 
of Shop Management, published in three volumes by the Government- 
Printing Office in 1912. 

1 Later incorporated as The Efficiency Socity, Incorporated. 

2 To mention a few, Harvard, Dartmouth, Pennsylvania State, the 
Universities of Michigan, Illinois, Minnesota, Wisconsin, Missouri, and 
Maine, the Polytechnic Institute of Brooklyn, Purdue University, and 
Yale early introduced courses along the lines of scientific management; 
while portions of the literature and some of the principles of scientific 
management have been introduced into courses in economics or en- 
gineering very generally. 

3 C. Bertrand Thompson. 

4 Or "science of management." 
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Prior to the rate advance hearings None 

During December, 1910 2 

During 1911 26 

During 1912 14 

These figures, which tell the story of the discovery of scien- 
tific management, are based upon a comprehensive bibliog- 
raphy of the " efficiency " literature appearing between 
1898 and 1913. 1 

That not only the name " scientific management," but 
the idea as well, became public property because of the rate 
hearings contest, is statistically demonstrated by the enor- 
mous growth in the total literature on " efficiency," which 
occurred immediately after and because of the hearings : 

All Periodical Articles on Efficiency Subjects 2 

1907 8 1910 (6 of these in December) 15 

1908 S 1911 59 

1909 7 1912 38 

Since many articles are about scientific management, but do 
not contain the term in the title, as a means of measuring 
the strength of the scientific management movement this 
last table is more serviceable than the first. 

The rate-advance hearings have now been treated at suffi- 
cient length to give the important result for the purpose of 
obtaining which the topic was introduced. The subject 
was taken up because it was deemed advantageous to de- 
termine at the outset just what is meant by scientific man- 
agement. The foregoing paragraphs have made it clear, it 
is hoped, that if we wish to know what the term embraces, 
we must approach the subject from the point of view of 
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' Select list of references on scientific management and efficiency," 
compiled under the direction of H. H. B. Meyer, chief bibliographer, 
Library of Congress, and published in the "Efficiency Number" (May, 
1913) of Special Libraries. 
2 Ibid. 
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Mr. Brandeis and the group who testified before the Inter- 
state Commerce Commission. These were the men who 
first gave currency to the words " scientific management " ; 
it was their account of it which led to the recent wave of 
public interest, — their interpretation which determined the 
public's conception as to the meaning of the expression. 1 

The scientific management movement may therefore be regarded as 
fairly well defined by the thirteen names which, in one connection or 
another, creep into Mr. Brandeis' brief as those of persons identified 
with the system. Frederick W. Taylor is named as the discoverer of 
the earlier principles. From correspondence with Mr. Brandeis we 
learn that he shares the common view that " Mr. Taylor's contribution 
was of course greater than any other." As early associates of Taylor, 
Brandeis mentions H. L. Gantt and C. G. Barth. As experts who en- 
tered the field slightly later, he called as witnesses H. K. Hathaway, 
F. B. Gilbreth, and Harrington Emerson. As supervisors of plants 
where scientific management has been a notable success, may be classi- 
fied H. V. Sheel and H. P. Kendall; as officers of corporations where 
scientific management has been installed, H. R. Towne and J. M. 
Dodge; as editors who have written about scientific management, R. T. 
Kent and J. B. Going. The name of J. H. Williams, who had intro- 
duced certain features of scientific management in a unionized printing 
establishment, completes the list. This ample list gives us our bearings. 
The remainder of this treatise will be a study, based upon a variety of 
sources, of the system which, in view of these names, we understand to 
be scientific management. 

In spite of the brilliancy of Mr. Brandeis' campaign, that part of his 
argument which dealt with scientific management had comparatively 
small effect upon the report of the Interstate Commerce Commission. 
In a statement covering 64 pages the Commission dismissed the subject 
of scientific management in two short paragraphs with the remark that 
the system was everywhere in an experimental stage, and that it had 
not been shown that these methods could be introduced into railroad 
ope'ration to any considerable extent. The Commission indeed decided 
against permitting an advance. But the main reason given was this : 
that the net earnings of the roads had been so liberal in the past that 
they could allow the men higher wages and still pay adequate dividends. 
The general question of efficiency of operation seems to have come in 
as an alternate consideration of rather secondary importance. The 
Commission warned the railroads that, even if they should find in the 
future that their revenues were indeed inadequate, it would then de- 
volve upon them to explain away the Commission's impression that 
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2. THE MOVEMENT BRIEFLY DESCRIBED 

The roots of scientific management are to be found in 
the life and thought of the late Dr. Frederick W. Taylor. 
Taylor, who had been a machinist and then a gang boss in 
the employ of the Midvale Steel Company of Philadelphia, 
was promoted in 1882 to the position of machine shop fore- 
man. During his experience as a workman, Taylor had 
been constantly impressed by the failure of his neighbors 
to produce more than about one-third of a good day's work. 
Wages in the Midvale shop were on a piece work basis, and 
the men were afraid to let the management guess how large 
a product they could really turn out because it might mean 
a Cut. This tendency on the part of the workmen had re- 
sulted in a war between Taylor, the gang boss, who was 
trying to induce the men to work faster, and the workmen 
under him, who were determined that by fair means or foul 
they would avoid working faster. As a result of this 
struggle, life to Taylor had become hardly worth living. 
Accordingly, shortly after he was given the greater author- 
ity of foreman, he determined to work out some system of 
management by which the interests of the workmen and of 
the management would be made the same. 

The burning thought that possessed the mind of Mr. 
Taylor in those days was this — that the difficulty at the root 
of the whole matter was lack of knowledge as to what 
actually constituted a day's work. How could the men be 
held accountable for their full duty when the management 
had no idea of a man's capacity? Accordingly, the first 
thing which Taylor tried to do was to remove all obscurity 

they had not been giving sufficient attention to economy of operation, 
nor adopted the superior methods used in competitive (non-mono- 
polistic) industry. 

Justice Brandeis, however, states that the commission was in fact 
very considerably impressed by his line of argument, though, as we have 
indicated above, they explained their decision on other grounds. 
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on this point by making a scientific study of the time which 
it necessarily takes to do work. The thoroughness and per- 
sistence with which he applied himself to the accomplish- 
ment of this task is eloquently vouched for by the fact that 
in the one field of cutting metals he carried on research for 
twenty-six years and at a cost of $150,000 or $200,000. 

But all this study in itself did nothing more than clear 
the way. The task having been determined, the next im- 
portant thing was to make sure that it was performed. 
High pay for success, loss in case of failure — these were the 
two sides of the system by which Mr. Taylor proposed to 
push the workman from beneath and allure him from above, 
until it would be at once his necessity and his joy to make 
production leap forward and upward to the maximum. So 
there came from the earliest days to be associated with the 
name " scientific management," the principle of the differ- 
ential rate, a plan which is still regarded by many author- 
ities as the ideal wage system, although in practice it has 
since been largely supplanted by the bonus and other devices. 1 
This effort to arouse the initiative of the workman and 
provide a means by which it becomes to his advantage to 
do his best constitutes, historically speaking, the first phase 
of scientific management. A second side began to be prac- 
ticed simultaneously with the first, but received no great 
recognition in and for itself until the late nineties. This 
second aspect of scientific management is the effort to con- 
tn^^ngMh^auantity of effort on the part of the workman, 
but the manner in^hlfcKThe"w5fk™Ts "done. ' StanctarHiza- 
tion of tools and equipment, routing and scheduling, the 
issuance of instruction cards to the men, the training of the 
employee in the most improved and scientific ways of per- 
nor comparison of differential rate and bonus, see infra, p. 104, 
and especially note. 
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forming his work, the selection of men for jobs for which 
their physical and mental make-up peculiarly fits them, more 
satisfactory systems for the management of stores, the use 
of symbols — all these are features which originated inci- 
dentally in the course of pursuing the first aim of scientific 
management; but the incidental advantage resulting from 
their application has become so great that to-day these 
activities assume much prominence for their own sake. 

As the third and last phase of scientific management, we 
shall regard modifications of organization. Changes in 
organization were necessitated by the enlargement of the 
functions undertaken by the management. As a matter of 
fact a novel type of management has been evolved which 
has become quite distinctive. 

Important, but rather difficult to make clear, is another 
aspect of scientific management much emphasized in recent 
years. It is hdd,„.that~5cieijtific management produces a 
complete revolution in the mental attitude of wprkingmen 
and' management, the one towards the .other. Instead of 
"spending strength fighting for the biggest share of the sur- 
plus earnings, as under other systems, the two groups are 
said to enter into friendly cooperation and mutual help, and 
thus turn all their attention to the task of making the sur- 
plus so enormously great that there is enough for all. It is 
also held that a changed spirit is essential if the nice ad- 
justments and high efficiency of scientific management are 
to be realized in practice. Whether_they_will or not, the 
authorities are said to be compelled to become reasonable, 
fair, and attentive to the sentiment of their men, and the 
men must be loyal, efficient, and cooperative. .""Otherwise the 
system cannot long stay scientific management. 

The greater part of this " mentaf revolution " we were 
formerly inclined to classify as a by-product growing out 
of the first phase of the system wherein it aims so to adjust 
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wages that it will be to the interest of all to enlarge the out- 
put. However, in this Mr. Taylor and many of his asso- 
ciates would not concur. They profess to regard the new 
spirit (especially on the management's side) as an original 
cause, as well as a result of their smoothly working system. 
Tfy e - jnental change, they, declare, is the essence, while the 
mechanic^ jjatures are but useful adjuncts. They fre- 
quently minimize the importance of devices such as time 
study, wage payment schemes, instruction cards, and im- 
proved organization. 

It would seem that " harmony " is in itself too intangible 
and too general an idea for any one group to regard it as 
the basis of its industrial system. It is, however, perfectly 
proper, and we believe perfectly correct, to assume that the 
mental revolution is one of the chief products and most 
happy results of Taylor's methods. From the start the 
management must make this its goal. 1 

Mr. Taylor early began to gather about himself a group 
of disciples. These disciples, though inspired in large 
measure by the vision and courage of their leader, were yet 
more than mere imitators. Taylor, in spite of his warm 
championship of practice as over against theory, was him- 
self a man of great ideas — ideas which were considerably 
in advance of what had yet been fully worked out. It was 
largely as aids in putting these ideas into practice that his 
followers have made their impress upon scientific manage- 
ment. Not only in the practical administration of plants, 
but also in developing the more subtle mathematical laws 
governing the operation of machines, and in applying new 
principles to wage systems and management in general, 
have these associates molded the outer form of, and given 
fuller content to the Taylor science of management. 

1 This does not mean, however, that scientific management in itself 
solves the entire labor problem, as some assumle that it does. 
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The first colleague of Taylor was Henry L. Gantt, in- 
ventor of the bonus system, and to-day generally known as 
the surest result-getter of the men who are introducing 
scientific management. A dozen years later, but still among 
the earlier men, came Carl G. Barth, mathematician, and 
inventor of the Barth slide rule. With these names may 
be associated H. K. Hathaway, well known for his skill in 
perfecting scientific management for the Tabor Manufac- 
turing Company, and the eminent and versatile Morris L. 
Cooke, now of the Council of National Defense. Sanford 
E. Thompson performed pioneer work in extending the 
principles of scientific management from the machine shop 
into the building trades ; while, a few years ago, Frank B. 
Gilbreth won great admiration by his display of genius in 
the reorganization of bricklaying. Finally may be men- 
tioned Harrington Emerson who, in addition to his com- 
mercial activities, has had much to do with making " effi- 
ciency " an every-day word. 

To go into details as to the extent to which these men 
have applied scientific management would be to draw out 
unduly this preliminary sketch, and steal from the chapters 
which are to follow their proper material. However, it may 
give definiteness to our conception of scientific management 
to mention a few of the more notable examples of its in- 
troduction. After the early innovations at Midvale, the \ 
next important scene of advance was at the plant of the 
Bethlehem Steel Company, where from 1898 to 1901, as a 
result of the combined efforts of the leading scientific man- 
agement practitioners of the day, epoch-making progress 
was made. It was here that the interesting studies of pig 
iron handling and shoveling were made. It was during this 
period that the Taylor-White high-speed steel was devel- 
oped, and that the Barth slide rule was invented. It was 
at the Bethlehem shops that the Gantt bonus system, in its 
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earliest form, was evolved. The most important develop- 
ment of scientific management in recent years has been in 
the plants of the Tabor Manufacturing Company and the 
Link-Belt Company, both of Philadelphia. Scientific man- 
agement has now, however, grown too large for' the limits of 
any one plant or trade. Besides its introduction into machine 
shops and the building trades, scientific management has been 
applied in the textile industry, the printing industry, the auto- 
mobile industry, and so many others that the list grows mon- 
otonous. Of special interest to the public has been the in- 
troduction by Harrington Emerson of certain principles of 
scientific management in the shops of the Santa Fe Railway, 
and its installation by the Uniter States Government at the 
Watertown Arsenal. 

3. THE BOUNDARIES OF SCIENTIFIC MANAGEMENT 

The description of the preceding sections may now be 
followed by some conclusions as to the boundaries of scien- 
tific management. In the first place, the system may be set 
down as confined to that one side of human life wherein 
men cooperate t o attain industrial ends. The goal is usually 
material wealth; the actors must include a leader and a 
team of followers; the typical habitat of the system is, in 
short, the shop, the office, or the gang of laborers. 1 

1 It is not meant to imply here that many suggestions cannot be drawn 
from scientific management for application by the individual — for in- 
stance in medical work or in housekeeping. Our topic, however, is 
historical scientific management. And in the past the origin and 
important development of scientific management has been in the indus- 
trial field. For the promise of important influence in other fields, see 
Christine Frederick, The New Housekeeping, and Morris L. Cooke's 
report to the Carnegie Foundation for the Advancement of Teaching 
on Academic and Industrial Efficiency (bulletin number five). Such 
movements, however, are essentially an extension of scientific manage- 
ment, and beyond the special scope of this monograph. Cooke's report 
is discussed, infra, ch. iv, sec. 5. 
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Secondly, theJiOTizon^gf scientific management may be 
furtherjimited,.tp that one phase of sh*op or* industrial "fife 
which has to do with the control of men. Ruled out en- 
tirely are" airconsiderations asto commercial policy — that 
is, programs for buying and selling, or decisions as to what 
goods shall be manufactured. Exdude4^rom_ ra scientific 
S^SgSlllSflt^also, is the financial aspect of business — that 
is, that which has to do with the relations of accompany 
with its stockholders, the borrowing of funds, and the keep- 
ing of accounts. 1 To one side, moreover, lie problems con- 
nected with the technique of production; that is, scientific 
management does not primarily concern itself with those 
aspects of chemistry, physics, and mechanical engineering 
which determine the processes of manufacture. 2 

Finally, may we venture once again to narrow the scope 
of our subject, and conclude that scientific management's 
position is that of but one of the many movements which 
aim to improve the relations of management and men. 
Scientific management we regard as an historical entity, 
something concrete, whose presence can be detected and 
verified by the observation of distinctive accompanying fea- 
tures. In the last analysis, " scientific management " is not 
a great deal more comprehensive than " the Taylor system." ' 

1 Cost accounting, however, is within the scope of scientific manage- 
ment. Dr. Taylor did important and pioneer work in this field, and 
Gantt has recently urged important cost accounting reforms. Even 
general accounting has been studied to a certain extent. 

8 Scientific management must, of course, take all these other fields 
into consideration; and often marked improvement is attained in them 
because of the method of scientific management. 'D^g^^^S^f^^ 1 ' 
however, is the system's first consideration, and its main reason^JUM:, 
existence. 

3 As time goes on, the definition of what scientific management is will, 
of course, have to be made progressively broader. Even to-day, it is 
well to give consideration to the following elastic conception of San- 
ford E. Thompson : " I take strong exception to your limitation of the 
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Thus, neither all science, nor all management, nor all 
management that is scientific, forms the theme of this 
treatise. But that the special movement with which the 
monograph deals is worthy of consideration, we trust that 
no one who reads the following pages will gainsay. 

scope of scientific management as given [in this section], and believe 
this should be greatly modified. Scientific management is essentially a 
standardization both of methods and processes, and the mechanism is 
simply the system found to be best adapted for maintaining the stand- 
ards. Furthermore, scientific management is gradually extending itself 
to all departments of business, including the buying and selling, and, in 
fact, determines to a very large degree the decision as to what goods 
the shop is to manufacture." 



CHAPTER II 

Early Attempts at a Solution of the 
Wages Problem 

The present chapter is introduced mainly to prepare the 
way for a discussion of the genesis of scientific manage- 
ment in Chapter III. 

The angle from which the genesis of scientific manage- 
ment will be viewed in these two chapters will be somewhat 
different from the rather personal viewpoint which pre- 
vailed in the earlier sketch of Frederick W. Taylor. Not 
only will the discussion of origins be much fuller here but 
also, to our narration of what went on in Taylor's life, there 
will be added a portrayal of some things which were occur- 
ring in a larger field. This larger field was the membership 
of the American Society of Mechanical Engineers. Taylor, 
as well as all the other individuals who have been especially 
prominent in the scientific management movement, have 
been members of this society. It was in papers read before 
its meetings that all the important contributions to the 
theory of scientific management were made. It will be our 
policy, in short, in discussing the genesis of the system, to 
treat its origin as the culmination of a succession of efforts 
on the part of the American Society of Mechanical En- 
gineers to solve a certain problem. This method of dealing 
with the matter does not in the least detract from the credit 
due to Taylor ; for, as we shall see, it was the contribution 
of Taylor which did most to shape the attitude taken by the 
society. 

305] 3i 
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I. THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 

The American Society of Mechanical Engineers was 
organized in 1880, and in 1884 adopted a set of rules in 
which it was declared that the object of the society was " to 
promote the Arts and Sciences connected with Engineering 
and Mechanical Construction." The first thing, therefore, 
which must be explained in accounting for the genesis of 
scientific management from within the membership of this 
body is why a society founded to promote engineering 
technique should have launched out into a consideration of 
problems of management. The reasons for this enlarge- 
ment of function, and the proposal that it be attempted, are 
contained in a paper read before the society in 1886 by 
Henry R. Towne, and entitled, "The Engineer as an Econo- 
mist." * The substance of the argument is as follows : The 
final value of the work of a mechanical engineer depends on 
whether or not the employer makes money out of his busi- 
ness; but the making of money depends not only on seeing 
that the technical matters connected with manufacture are 
intelligently looked after. To a surprisingly large extent, 
works-management and the methods of dealing with em- 
ployees react on costs. A diagram is introduced to show 
how, in a certain establishment, a special system of piece 
and contract work resulted in a striking reduction of labor 
cost. In this lucrative field, who can accomplish more than 
one strong man charged with the management of the shop 
as a whole ? But the person exercising this authority must 
be a man of engineering training and practical experience, 
not a clerk or accountant only. Therefore the engineer 
should make a study of the problems of management in 
order that he may be qualified to serve in this new capacity. 
Mr. Towne concludes by proposing that the society under- 

1 Transactions of the American Society of Mechanical Engineers, 
vol. vii. 
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take to gather, by means of papers presented before its 
meetings, a stock of information with regard to the little 
understood art of industrial management. Thus was sug- 
gested the policy which the society soon began to practice, 
and which has been followed with notable success to the 
present day. 

2. THE WAGES PROBLEM 

When the American Society of Mechanical Engineers 
undertook to promote the art of management, they were not 
interested equally in all of management's different aspects. 
The problem which they considered almost exclusively, and 
the only one which will be discussed in this history of 
scientific management, may be called the wages problem. 
In order to understand in just what form this problem ap- 
peared to the engineers, it will be advisable to look at the 
operation of the main wage systems. 

Wages are generally paid on the basis of one of two 
criteria. The one criterion is the amount of time put at the 
employer's disposal by the employee, the other the amount 
of work which the employee performs. The wages system 
which depends altogether on the former mode of reckoning 
is called the daywork plan ; the system which depends alto- 
gether on the latter mode is called the piecework plan. 

Now engineers, and all other men of experience, hope 
for something better than the daywork plan; for they find 
that a man working under it does not produce up to his full 
capacity : he too often feels that an increase of effort benefits 
only the employer. David F. Schloss, who has made a 
thorough study of English factories, writes : 1 " I have, in 
instances too numerous to mention, found that the excess 
of work obtained by putting men on piece-wage has been 

1 Methods of Industrial Remuneration, p. 53. 
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from 30 to 50 per cent." Frederick A. Halsey declares 1 
that under the daywork plan " matters naturally settle 
down to an easy-going pace, in which the workmen have 
little interest in their work, and the employer pays extrava- 
gantly for his product." Frederick W. Taylor observes 2 
that 

The men are paid according to the position which they fill, 
and not according to their individual character, energy, skill, 
and reliability. The effect of this system is distinctly demor- 
alizing and leveling; even the ambitious men soon conclude 
that since there is no profit to them in working hard, the best 
thing for them to do is to work just as little as they can and 
still keep their position, And under these conditions the in- 
variable tendency is to drag them all down even below the 
level of the medium. 

Hope of promotion and fear of discharge indeed keep the 
men at work, but the efficiency induced by holding these 
possibilities before their eyes ordinarily falls far short of 
reaching the manufacturer's ideal. 

Now these failings of the daywork system are obviousi 
to all, and so, from time immemorial, employers have in- 
troduced wherever possible the second great system of wage 
payment, that of piecework. Under this system the plan 
of payment according to the amount of time employed is 
abandoned. The basis becomes the workman's efficiency as 
measured by his output. The piecework system at first 
glance seems ideal; but that there are certain obstacles which 
prevent its perfect application and largely destroy its effec- 
tiveness, the following discussion will show. 

It is a matter of general experience that an employer 

1 " The Premium Plan of Paying for Labor," in Transactions of the 
American Society of Mechanical Engineers, vol. xii, p. 755. 
3 "A Piece-tRate System," in Transactions, vol. xvi, p. 861. 
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ordinarily starts a piecework system as follows: he esti- 
mates how long it should take a skillful workman to per- 
form each job. Then, having in mind a fair hourly rate, 
he so figures the price per piece that the said skillful em- 
ployee will just about earn the proper wage, provided he 
applies himself with industry. 

Now the object of the piecework system is to' encourage 
each man to do his best. Suppose, therefore, that an am- 
bitious workman succeeds in greatly increasing the volume 
of his output. He earns, let us say, 30 per cent more than 
his fellows. All goes well for a while. But one day an 
officer of the company looks over the pay roll, and calls the 
foreman's attention to the fact that some of the men are 
receiving wages 30 per cent too high. A mistake has been 
made, they conclude, and the rate is promptly cut. 

This cutting of rates has occurred so frequently and in- 
variably in factory life x that the workmen have learned 
what to expect. If they increase their output, in the hope 
of earning higher wages, sooner or later the rates will be 
cut ; and the men will find themselves working much harder, 
but for no greater pay, than before. So labor unions fre- 
quently limit the earnings of their members — and thus the 
output — imposing a heavy fine upon those who transgress ; 
and workmen sometimes go to considerable trouble to work 
slowly while appearing to work fast. The piecework sys- 
tem is therefore condemned by many as having fallen short 
of accomplishing the purpose for which it was created. It 
does not make it to the interest of the workmen to increase 
their output. 2 

1 As an illustration of the extremes to which rate cutting is carried, 
we may cite Secretary Redfield's mention of an employer who boasted 
that he had cut the piece' rate five times on a single job. Tuck School 
Conference on Scientific Management, Addresses and Discussions, p. 
355- 

2 Rate cutting, though often mean and unfair, is usually unavoidable 
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3. PROFIT SHARING 

We can now appreciate the problem before the mechan- 
ical engineers. Whether the daywork or the piecework 
plans were in use, they felt that very serious economic 
losses resulted. 1 Accordingly, the attention of many men 

in connection with the straight piecework system. The employer who- 
is setting a price for a new kind of work almost invariably overestimates 
the time which it will take to perform it. He has too many things to 
occupy his attention to be able to work out the cleverest procedure 
which may be employed in the performance of the task. When the job 
is first being tried out, the experimenter's halting movements little sug- 
gest the extreme rapidity which the dexterous workman may ultimately 
acquire. A rate is set. An energetic worker starts upon the job and 
in each passing year discovers new tricks of the trade, new methods of 
enlarging the output. If the piece rate remained constant, wages would 
rise to unusual levels — ten dollars a day, possibly, in some cases. Now 
the employee undoubtedly deserves a reward for improving the methods 
of his work, but it is questionable whether he is entitled to as great a 
return as an unreduced piece rate would yield him. The improvements 
are probably simple ones that almost anyone could devise, and which a 
good man ought to be expected to make, given the opportunity. Just 
as the manufacturer expects to see the savings due to his own improve- 
ments ultimately reflected in reduced prices to the purchasing public, 
so the pieceworker has no inalienable right to enjoy perpetually a given 
rate. Especially would the employer in the above illustration be justi- 
fied in cutting the rate upon giving the job to a new man. For why 
should a workman earn unheard-of wages who has done nothing ex- 
cept adopt methods invented by his predecessor or neighbor? Finally, 
even the most generous hearted employer would be unable to pay high 
rates for work when his less conscientious competitors are figuring their 
selling prices on a lower basis. Thus it is seen that the ordinary 
methods of introducing piecework necessarily involve the continuous 
repetition of a cycle, of which the first stage is the establishment of 
imperfect rates; the second, the earning of unusual wages; and the 
third the cutting of the rates. The corollary of these tactics on the 
part of the management is naturally an effort on the part of the men to 
limit output. In the struggle, the management usually makes headway 
against the men; but it is generally only after years of slow progress 
that the rates come to approximate a reasonable return on the basis of 
thoroughly efficient work. 

1 Mention should be made of a third plan of wage payment known 
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was turned towards finding a solution of the difficulty, and 
a series of movements was begun of which the most con- 
spicuous was to be that of scientific management. The 
American Society of Mechanical Engineers were not, how- 
ever, the first in the field; and as, in inventing their own 
plans of reform, they not unnaturally started out where 
others had left off, it will be necessary to explain what 
ideas were already current. 

In the latter half of the eighties there was just one move- 
ment which was winning adherents and attracting the atten- 
tion of the society, and that was a movement towards profit 
sharing. 

A philosophy might be constructed for profit sharing as 
follows : When a man works for himself, there is no labor 
problem; for, when his profits are his own, there is every 
inducement for him to work to the limit of his comfort. 
But when men are gathered together in industrial groups, 
and all the profits derived from their labor go to the owner 
of the plant, the workman is no longer concerned as to the 
success of the enterprise. Why should he not shirk when 
there is a chance? Why should he care if he spoils material 
or interferes with the smooth running of the factory ? Now 
since it was this diverting of profits from the men to the 
absentee owner that gave rise to the labor problem, profit 
sharing, by reversing the process, would seem to strike at 
the very root of the evil. If profits are divided among all, 
all will be led to cooperate, and all will prosper. 

as the contract system, which Mr. Towne says was customary in many 
industries at this time. To quote : " This consisted in dividing the em- 
ployees into groups, each covering a certain operation or room or shop, 
and in making the foreman of each group a ' contractor,' to whom the 
employer paid a price per piece for the product, charging the con- 
tractor with all wages paid and for supplies furnished as specified in 
the contract, the contract usually running for a stated time." Mr. 
Towne thinks this system had its merits, though modern methods, 
especially functional management, have since made it obsolete. Cor- 
respondence, June 9, 191 7. 
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This general philosophy of profit sharing must be sup- 
plemented, however, by a statement or two with regard to 
the principles upon which it is usually put into practice. 
Inasmuch as it is the employer who must take the initiative 
in introducing profit sharing, the employer takes care that 
there be no diminution in his own previous earnings. It is 
therefore stipulated that, unless profits are larger than they 
have been in the past, there will be no profit sharing. And 
if profits are larger, what is to be shared is not the total 
amount of profits, but the gain over what they have been in 
the past. It is possible that this entire gain will be turned 
over to the employees, but not at all likely. The employer 
usually wants to get some advantage out of the plan him- 
self, and so the common arrangement provides that only a 
certain share of the gain is to go to the employees, and the 
rest is to be retained by the establishment. The income of 
the employee derived from profit sharing is, of course, a 
reward entirely above and independent of his regular wages 
or salary. 

The first systematic practice of profit sharing is said to 
have been started in 1842 by M. Leclaire, a house-painter 
and decorator, of Paris. 1 It was taken up shortly after- 
wards by a number of other French and German establish- 
ments, and as the years have gone by has been adopted 
rather extensively — first in France, and then more recently 
in England. Of interest for our purpose is: the fact that 
the idea was received in the United States so favorably 
during the eighties, that in 1889 Mr. Oilman was able to 
record the names of thirty-four American establishments 
which had adopted it in some form ; so that in the number 
of its establishments the United States in that year ranked 
second only to France. 2 As all but three of these introduc- 

1 Gilman, Profit Sharing, p. 66. 

2 In the following decade all but eleven of these thirty-four establish- 
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tions had been made since the beginning of the decade, it 
may be seen that profit sharing was indeed in the atmos- 
phere at this period. It is not surprising therefore that the 
first proposals for a solution of the wages problem made 
before the American Society of Mechanical Engineers were 
along profit sharing lines, and that long afterwards the idea 
was still being discussed in the papers read before the 
society. 1 

4. HENRY R. TOWNE'S " GAIN-SHARING " 

The first paper presented before the American Society of 
Mechanical Engineers in which a serious attempt was made 
to grapple with the wages problem was read in 1889 by 
President Henry R. Towne, under the title of " Gain- 
Sharing." " Mr. Towne had made a study of profit sharing 

ments dropped the profit sharing system, so that though twelve new 
establishments had introduced it, the total number in 1899 was but 
twenty-three. Oilman, A Dividend to Labor, p. 346. 

1 For further information with regard to profit sharing see (for criti- 
cal comment) Schloss, Methods of Industrial Remuneration, pp. 254- 
309; and (for a defense) Gilman, Profit Sharing, 1889, and A Dividend 
to Labor, 1899. 

While the idea of profit sharing has continued to meet with much 
condemnation, it would be a great mistake to think of it as dead. 
Bulletin 208 of the U. S. Bureau of Labor Statistics, Profit Sharing in 
the United States, shows that in 1916 there were as many as sixty 
genuine profit sharing plans in operation in this country. This list, 
it should be noted, exluded many plans, popularly spoken of by this 
name, which could not conform to a rather rigid definition. Though 
most of the proposals for profit sharing seem unsatisfactory, it is not 
impossible that industry may yet arrive at a form of organization which 
will in some basic way rest upon this principle. 

2 Transactions, vol. x. After Mr. Towne's earlier proposal that the 
society consider problems of management, Mr. W. E. Partridge had 
made a start in this direction in a paper read in November, 1886, en- 
titled "Capital's Need for High- Priced Labor" {Transactions, vol. 
viii). Mr. Partridge argues that the prevailing theory in regard to 
wages, which holds that " the less the price paid for labor, the less will 
the product cost," is wrong. On the contrary, the general problem of 
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as practiced in Europe and America, and had come to the 
conclusion that conditions in industry were such, that some 
plan by which the self-interest of the workman would be 
identified with the success of his employer must be adopted. 
But in the prevailing types of profit sharing Mr. Towne 
saw the following great defects: the workmen benefit by, 
or suffer loss from, fluctuations in profits for which they 
themselves are not in the least responsible. Changes in the 
prices of raw materials or finished product, varying skill on 
the part of the management as relates to the larger matters 
of equipment and organization, varying efficiency on the 
part of the mercantile staff in purchasing supplies or finding 
a market for the output — these are some of the things 
which, under orthodox profit sharing, unduly augment or 
unfairly curtail the dividends of the workmen. 

So Mr. Towne proposed a new type of profit sharing. 
His plan was to isolate in the bookkeeping those components 
of cost which the laborer has it in his power to influence, 
and base the division of profits upon the amount of reduc- 
tion in these costs. From year to year a record was to be 
kept of the total wages paid to labor ; of the amount of raw 
material used * (so as to check waste) ; of the cost of inci- 

the employer is " to increase the earning powers of his men from year 
to year, and to do it in such a way that the men not only earn more, 
but are more profitable to him." In June, 1887, William Kent pre- 
sented a short paper entitled' "A Problem in Profit Sharing" {Trans- 
actions, vol. viii), in which he suggested the very plan later developed 
in Towne's " Gain^Sharing." But Mr. Kent had not worked out any 
details, and declared that he was not aware that the plan which he 
suggested had ever been tried. Mr. Towne, on the other hand, was 
able to state at the time Kent's paper was read that, as it had happened, 
he had put Kent's precise plan into operation on January 1, preceding. 
Thus Towne's "Gain-Sharing'' paper deals with achievements older 
than Kent's suggestions. 

1 To determine the value of raw material, the amount used was multi- 
plied by an arbitrary fixed price, thus eliminating the effect of price 
fluctuations. 
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dental supplies (such as oil, waste, tools, and implements) ; 
of the cost of power, light, and water; of the cost of re- 
newals and repairs of plant ; and of the cost of superintend- 
ence, clerk hire, etc. If, at the end of the year, the cost of 
these items per unit of product was found to be less than it 
had been when the plan was put into effect, it was to be 
assumed that the workmen had effected this saving; and 
this sum, this gain, was to be shared with them. 1 

An erroneous picture of gain-sharing would, however, be 
conveyed if we did not mention two important modifying 
features. The gain-sharing plan was drawn up in the form 
of a " contract," which the employer obligated himself to 
leave unaltered until the date set for termination, the period 
of duration being never less than one year, and preferably 
lasting from three to five years. The original costs, with 
which later costs were to be compared in order to determine 
the gain, were referred to in these contracts as " contract 
prices." The first point to be noted is that the contract 
prices were not always the actual original costs as deter- 
mined by the books. Of the contracts which Mr. Towne 
presents as examples, he says that " in a majority of cases 
the contract prices were fixed at rates which were a reduc- 
tion of from ten to twenty per cent, and, in one case of 
thirty per cent, from previous costs." He justifies this action 
on the ground that there was good reason to believe that 
increased effort would result in a very considerable reduc- 
tion in costs. 

A second thing to be considered is that the gain-sharing 
was not necessarily permanent. At the close of the con- 

1 Mr. Towne divided the gain on the basis of one-half to the opera- 
tives. Of the so per cent going to the operatives, he recommends 
giving 10 or 15 per cent to the foreman, and dividing the remaining 
40 or 35 per cent among the subordinates in proportion to the amount 
of their annual wages. 
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tract period, " if during the previous term the cost of 
product has been considerably reduced, he [the employer] 
will presumably (although this is not always the wisest 
course) proportionately reduce the contract prices." Mr. 
Towne recommends that (where the previous cost of prod- 
uct is well known) the contract period be made a long one, 
so that the men may not limit their exertion because of the 
prospect of a reduction of the contract prices in the near 
future. Under the long contract period, " the employee can 
afford, for the sake of present gain, to disregard this quesi- 
tion as one only affecting a somewhat remote future, and to 
use his best efforts and intelligence to effect a reduction in 
the cost of product." Then, when the opportunity for a 
revision of prices occurs, the employer will be able " to 
make a larger reduction than he would probably attain in 
the same time under the plan of frequent revisions, and 
can also then afford to act more liberally toward the em- 
ployees in the matter." 

The reader of Mr. Towne's paper is easily convinced that 
in the long run the gain-sharing plan really left everything 
in the hands of the employer, and that on his discretion and 
talent for dealing tactfully and considerately with the men 
it had to depend almost entirely for either success or justi- 
fication. 1 

1 The gain-sharing plan was invented by Mr. Towne in 1886, put into 
operation in the works of the Yale & Towne Manufacturing Company 
in January, 1887, and by May, 1889, some 300 were employed under the 
system. Mr. Towne was in 1889 enthusiastic over its success. The 
employees had cheerfully accepted the plan, and (in the instance which 
Mr. Towne mentions) had drawn dividends equal to about 4 or 5 per 
cent of their yearly earnings. The Yale & Towne gain-sharing sys- 
tem was, like most other American profit sharing enterprises, aband- 
oned in the nineties (Gilman, A Dividend to Labor, p. 351). At a 
subsequent period scientific management was introduced into part of the 
plant (See infra, p. 109) . 
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5. FREDERICK A. HALSEY's " PREMIUM PLAN " 

The next important attempt to present a solution of the 
wages problem before the American Society of Mechanical 
Engineers occurred in 1891, when Frederick A. Halsey 
read a paper entitled " The Premium Plan of Paying for 
Labor." x 

The Halsey premium plan may be conceived of as an 
adaptation of piecework. Mr. Halsey tells us that he has 
no use for daywork, because of the easy-going pace and 
lack of interest which accompany it. At the same time he 
fails to see much good in profit sharing. In the first place, 
profit sharing is patronage, in that profits may arise from 
better management or many other causes other than the 
merits of the workmen. Secondly, it is demoralizing; the 
surplus profits, due to the increased activity of the more 
energetic, are apportioned pro rata among all — including 
the lazy ; this spectacle dampens the ardor of even the most 
enterprising workmen. Thirdly, profit sharing is ineffec- 
tive, in that rewards six months or a year ahead are too 
remote. Fourthly, it is not fair for workmen to share 
profits, for they do not share losses. And finally, the 
workmen have no means of knowing whether the agreement 
is carried out honestly by the management. 

Halsey's main attack, however, is upon the iniquity of the 
orthodox piecework system. In terse but lucid phrases he 
expresses the fundamental difficulty which we have already 
discussed. To quote: as soon as a pieceworker increases 
his output so that he earns beyond what the employer had 
expected, the latter cuts the rate, which 

is in appearance and in fact an announcement to the workman 
that his earnings will not be allowed to exceed a certain 
amount, and that should he push them above that amount he 

1 Transactions, vol. xii. 
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will be met with another cut . . . matters gradually settle 
down as before to an easy-going pace . . . Their earnings 
are somewhat more and the cost of the work is somewhat less 
than under the day's-work plan, but there is no more spirit of 
progress than under the older method. The employer is 
constantly on the lookout for a chance to cut the piece prices, 
that being his only method of reducing cost ; and the men are 
constantly on the lookout to defeat the employer's well 
understood plan. 

Thus Mr. Halsey, speaking from wide experience, holds 
that the piecework system " seldom works smoothly, and 
never produces the results which it should." The piecework 
system, like daywork and profit sharing, is incapable of in- 
fusing a spirit of enterprise into the workmen. 1 

Halsey's constructive plan is a scheme by which he pro- 
poses so to alter the piecework system that it will never be 
necessary under any circumstances to cut the rates. His 
method consists in first determining the time which the men 
have been taking to do their work, and then announcing 
that if they will finish it quicker, they will be given, in ad- 
dition to their old day rate, a new premium rate of so much 
an hour for the time saved. This premium rate is always 
less than the day rate. 

In order to arrive at the fundamental distinction between 
the premium plan and the piecework plan, we will first note 
what would happen if the premium rate were made as great 

1 Mr. Halsey discusses the piecework system before the profit sharing 
plan, and indeed discards it along with the rest. But from the com- 
parative and analytical point of view, the premium plan is as we shall 
see more nearly piecework than anything else. Though Halsey speaks 
pointedly of the faults of piecework, its principle, the appeal to indi- 
vidual self-interest, he makes the cornerstone of his own system. So- 
we have discussed the various plans out of order, that we might dispose 
first of those systems which Halsey rejects altogether, and treat last the 
one from which his own system is adapted. 
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as the day rate (instead of always being less). That the 
premium system would in that case be identical with straight 
piecework, the following illustration will show. Assume 
that a man, who has been working under the daywork sys- 
tem at 30c. an hour, turning out one job every hour, is put 
under the premium system. Suppose that the man is told 
that he will be paid his old rate of 30c. an hour for the time 
which he works, and also (if he finishes in less than an 
hour) be paid at the same rate for the rest of the hour 
which he does not work. This would be equivalent to 
piecework, the said employee being always assured of an 
hour's pay whether the work takes him a full hour or only 
twenty minutes. If he finishes in twenty minutes, he would 
be credited with twenty minutes of work and forty minutes 
of time saved, one hour in all. The next twenty minutes 
he could earn another hour's pay, and so forth. The system 
would be in effect a piecework mechanism, the rate per 
piece being here 30c. 

But the premium rate, instead of being as high as the day 
rate, is usually about one-third of the same; and this fact 
makes the premium system different from straight piece- 
work. In the following tables, the day rate is fixed at 30c. 
and the premium rate at 10c. Note that the rate of in- 
crease in total earnings is low as compared with the rate of 
increase in output. Notice especially the correspondence of 
the total earnings with the figures of the hypothetical plan, 
which is inserted in order to verify an interpretation of 
the premium system in terms of piece prices. 

The Premium Plan 

(10-hSay) Time saved Premium Day rate J°^ gs 

10 pieces o hrs $0.00 + $3.00 = $3.00 

15 " S " o-50 + 3-oo = 3-50 

20 " 10 " 1. 00 + 3-oo = 4-oo 

25 " 15 " i-50 + 3-00 = 4-50 

30 " 20 " 2.00 + 3-00 — 5-oo 
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Hypothetical Plan 

30 cents for first ten pieces, 10 cents thereafter 
10 pieces $300 

IS " 3-50 

20 " 4-oo 

25 " 4-50 

30 " S-oo 

Conclusions may now be reached regarding the real 
nature of the premium system. The plan first guarantees 
to each worker a full day rate, and then, having allotted to 
him a quantity of work which under the daywork system 
it would take him a day to perform, it offers to pay him for 
whatever he produces above that minimum a premium [or 
piece-rate] equal to one-third 1 of the daywork cost. It is 
the one-third feature which is the unique and essential point 
in the scheme; " Making- the, hourly, premium less than the _ 

tody, wage,s.,j^h£jftujd^^ 
ments^j^system ._ . ." (Halsey.) 

As regards the merits of the Halsey plan, one advantage 
claimed for it is a simplification of rate setting. Under the 
ordinary piecework system this is a rather delicate matter. 
A foreman who undertakes to set a piece price for work as 
yet done only by the day must first go to the trouble of esti- 

1 One-third is the figure which Halsey uses for illustration. He 
says, however, that nothing but good sense can decide just how high 
the rate should be in any given case. The proper rate varies with the 
nature of the work. Where an increase in production is accompanied 
by a proportionate increase in muscular exertion, a liberal premium is 
required. Where the only requirement for speeding-up is an increased 
attention to speeds and feeds of machines, combined with an increase 
in manual dexterity and the avoidance of lost time, the premium may 
be more moderate. In some cases ten cents an hour would not be at all 
enough. Of other cases, Mr. Halsey says that he has " produced ex- 
cellent results with premiums as low as three cents an hour." 

In actual practice, the premium rate most common nowadays would 
seem to be one-half. This, Halsey thinks, is too high. He says it 
should not exceed one-third. See note, p. 52. 
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mating how long it should take under the new system, the 
idea being, of course, to reduce the time. Under the Halsey 
system, on the contrary, " the attempt to determine the 
possible output is abandoned. Present output is taken as 
the basis." 1 This means that, when the premium system is 
introduced, the men are allowed for performing the work 
just the length of time which the records show they have 
been taking in the past. Now they may double or treble the 
output ; but because some two-thirds of the gain goes to the 
employer and only one-third is retained by the men, the 
gain of the latter is in no instance excessive. The security 
of the management consists in the fact that they gather a 
substantial portion of the gain — not in their care in ascer- 
taining exactly how speedily the work can be done. Hence 
much record keeping and calculation is avoided. The time 
limits come ready-made to the hands of the bosses. Both 
rate setting and rate cutting are automatic. 

Among the other advantages of the premium plan is the 
fact that every workman is guaranteed a day rate, no matter 
what the output. Also, the instant that an employee turns 
out even slightly more than under the daywork plan, that 
moment his premium begins to accumulate. These arrange- 
ments eliminate a certain friction which ordinarily accom- 
panies piecework; it is no longer necessary to force up the 
speed suddenly to the point where piecework is a paying 
proposition. 

But the chief reason for the development of the premium 
plan was neither to save the foreman trouble nor to soften 
a workman's first contact with the piecework system. The 
great difficulty attached to straight piecework, according 
to Halsey, is the fact that foremen do not know, and can 
not know, in how short a time the work should be done. 

1 Transactions, vol. xvi, p. 886. 
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Mistakes in rate-setting are inevitable. The premium sys- 
tem, which allows the workman's pay to fluctuate only one- 
third as much as his output, strikes at the root of this diffi- 
culty. In fact, the loss resulting from a mistake in setting 
a time limit is so much lessened that the management makes 
it a principle never to make a reduction. Thus a tradition 
is built up that rates once established are permanent, and 
the men have no motive for restricting output. 1 

The underlying philosophy of the premium system may 
furthermore be distinguished from that of piecework in 
that the premium system divides the gains from increased 
production between management and men, thus making co- 
operation a matter of immediate interest to both. For this 
as well as other reasons we must, therefore, conclude that, 
while for the purpose of clearness the premium plan has 
been regarded as an offshoot and variety of piecework, in 
practical effect the modifications which it involves are so 
vital as to make it constitute an independent system. 

Speculation as to an employer's probable profits under 
the premium plan, as compared with those under ordinary 
piecework, should take the following points into considera- 
tion. Ordinary piecework — though it professes to give a 
workman the entire value of his increased effort — may more 
properly be set down as a system which tends to transfer to 
the management the entire gain due to the workman's im- 
provements, this being accomplished by rate cutting. The 
premium plan, on the contrary, can not lay claim to yielding 
the management more than two-thirds of the profits. How- 
ever, as the straight piecework system tends to prevent im- 
provements from being made, while the premium plan en- 
courages the development of the possibilities of production, 
the latter is often in reality the more profitable of the two. 

1 But see note on p. 52. 
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That is, a tribute of two-thirds levied on a booming pro- 
duction may be greater than a tribute of all levied on the 
work of laggards. 

The premium plan * was first applied to a shop, three 
years before the reading of Halsey's paper, by William 
Kent in the works of the Springer Torsion Balance Com- 
pany. 2 By 1 89 1 the system had been tried with success in 

1 This plan was Mr. Halsey's own invention. Frederick W. Taylor, 
first in 1895 and again in his classic paper on "Shop Management" 
(1903), has characterized it as a modification of the Towne gain-sharing 
system. This position, it seems to us, is hardly well taken. Not only 
did Halsey explain at the start that his idea was clearly formulated be- 
fore the publication of Towne's paper, and was in no way suggested by 
the latter's system (Transactions, vol. xii, p. 780) ; but also, a compar- 
ison of the two plans shows that they are logically different. That of 
Towne calls for group action; that of Halsey is an appeal to individual 
self-interest. The former would from time to time reduce the gain that 
falls to the lot of the men ; while the latter insists that his very purpose 
is to avoid the necessity of cutting rates. 

In only one respect is there a parallelism. Both propose to eliminate 
the antagonism between management and men by dividing the gain 
arising out of increased productivity. But even here the resemblance 
is not complete. Towne proposes to take a share of the profits that 
would otherwise go to the management and give it to the men (pro- 
vided extra profits are earned through the men's increased efforts) ; 
while Halsey proposes to obviate rate cutting by taking profits which 
the piecework plan promises the men, and turning the same over to 
the management. The two systems are alike only in that they are both 
•compromises. 

The real reason why they seemed from Taylor's standpoint to be re- 
lated is this, that neither of them tried to determine scientifically the 
exact amount of work which it is possible for men to turn out. Both 
systems, especially Halsey's, represented rather an evasion of this obli- 
gation. Instead of trying to take the matter more firmly in hand, they 
represented a loosening of the grasp, a despair as to the possibility of 
fixing rates accurately, and a resort to compromise that will minimize 
evils. But this similarity proves nothing as to the derivation of one 
system from the other; and to lay stress on the shadowy resemblance 
to the neglect of the marked differences is hardly just to Halsey nor a 
reasonable interpretation of the facts. 

2 Transactions, vol. xii, p. 768. 
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three establishments, and since that time has found increas- 
ing favor. By 1902 1 it was known to be in use in the 
United States, Canada, England, Scotland, Germany, Italy, 
and Belgium; while interest in it, at least, had been shown 
in Sweden and Austria. But it had attracted more intelli- 
gent and serious attention in Great Britain than in the 
United States or elsewhere. 

As to the gains actually realized under the premium plan, 
the following figures, presented by Mr. Halsey some eleven 
years after the reading of his paper, tell their own story. 2 
First, in a case where the manufacture of thirty-five large 
machines under the old system was followed at a later date 
by the manufacture of twenty duplicates under the premium 
system, a comparison of figures showed that the time on 
the second lot had been reduced 43 per cent. This figure is 
conceded to be only approximately a measure of the worth 
of the new system, as conflicting causes operated both to 
facilitate and hinder the work on the second contract as 
compared with that on the first. A second exhibit by the 
same company, not open to these objections, though unfor- 
tunately much smaller, showed an average reduction in 
time of 41 per cent. In this second instance the parts had 
been made over and over again, and both workmen and 
foremen had been originally positive that under the old 
system the time was down to the minimum and that it was 
useless to apply the premium plan to them. Another exhibit 
of considerable magnitude, furnished by another company, 
showed an average reduction in time of 39 per cent. The 
figures for the reduction in wages cost for the first and 
third exhibits were respectively 25 per cent and 28 per cent, 
the average increase in wages paid per workman being re- 

1 F. A. Halsey, " The Premium Plan of Paying for Labor," in John- 
R. Commons, Trade Unionism and Labor Problems, p. 280. 

2 Ibid., pp. 283-285. 
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spectively 29 per cent and 23 per cent. Mr. Halsey con- 
cludes : 

These gains are so large as to excite incredulity. Most men 
of experience will not seriously consider a system which de- 
liberately proposes to increase output by 70 per cent 1 while 
reducing wages costs and increasing daily wages by 25 per 
cent, and I am satisfied that if the plan did about half as well 
as it really does its growth would be much more rapid than it 
is. Apart from exact figures, which are difficult to get, is 
testimony from many men in many lines of work, which is 
substantially unanimous in saying that the system works in 
the manner described, and this testimony is not a matter of 
geography or nationality . . . 

6. THE " ROWAN PLAN " 

There is an ingenious modification of the premium plan, 
which was first put into operation in Glasgow. When 
David Rowan & Company, of that city, makers of marine 
engines, and the first British firm to take an interest in the 
premium plan, introduced the same into their works, they 
adopted a modification which, though not approved in the 
United States, has been followed to some extent in Great 
Britain, under the name of the Rowan plan. 

It should be remembered that the object Mr. Halsey had 
in mind in inventing his system had been to obviate the 
necessity of rate cutting through so arranging the piece 
rates that the workmen could never earn excessive wages. 
The framers of the Rowan plan feared that this result 
would not be realized in all cases. Suppose, for instance, 
that through some unexpected development, a man should 
produce ten times as great an output as formerly. Even 
after the Halsey plan had given two-thirds of the increase 

1 A reduction in time of 41 per cent is equivalent to an increase in 
output of 70 per cent. 
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to the management, the workman would still earn three 
times more than, or four times as much as, he was getting 
under the day rate. Although the multiplication of output 
by ten would perhaps be rather extreme, yet the f ramers of 
the Rowan system did have a serious apprehension that in 
some cases workmen under the Halsey system might earn 
wages so excessive as to necessitate a cut. 1 

The Rowan plan therefore provides that after a certain 
amount of time has been allotted to a workman as a stand- 
ard time for the performing of his work, he shall for a 
shortening of that time be rewarded by a raise in his day 
rate, the premium added bearing to the day rate the same 
proportion that the time sewed bears to the time allotted. 
Thus if the time allotted is 60 minutes and the work is per- 
formed in 40 minutes, then the premium added to the day 
rate must amount to the time saved (20 minutes) divided 
by the time allotted (60 minutes), or one-third. If the 
workman's day rate is 30c. an hour, it is now raised to 40c. 
an hour (30 plus one-third of 30) ; and since he was work- 
ing for 40 minutes (two-thirds of an hour), his pay for 
the job is 26^c. (two-thirds of 40). 

The following graph shows the real significance of this 
modification : 

1 This apprehension, we have it on the best of authority, was only 
too well grounded. It is said that time cutting under the premium 
system has become a common, though lamentable, fact. Halsey attri- 
butes this tendency to the prevalent high premium rates, which offer a 
considerable temptation to the proprietor. A proper adjustment of 
rates, he thinks, would obviate the practice. 
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The Rowan plan thus accomplishes its purpose. The pro- 
portion of time saved to time allotted must always be a 
fraction less than one, and the rate of premium can there- 
fore for no output quite equal the day rate. Thus double 
pay is the limit beyond which wages absolutely cannot pass. 
The seeming inhumanity of the system is offset by the fact 
that, until a man has tripled his output, his pay is actually 
higher than under the Halsey plan. It thus combines a high 
reward for the man who by his industry doubles the output, 
with a positive though somewhat elastic stopping of the 
upward spurt of wages in the case of a man who has found 
a " soft snap." Needless to say, its adoption indicates an 
extremity of caution, and a lack of confidence in the accuracy 
of the times which have been established. 



CHAPTER III 

The Genesis of the Principles of Scientific Man- 
agement 

The preceding chapter may lay a double claim to having 
prepared the way for the treatment in this of the genesis 
of scientific management. 

In, the first place, its description of the faults of the 
ordinary methods of wage payment, and of the efforts of 
Towne and Halsey to introduce worthier systems, has 
yielded a stock of information regarding the labor situa- 
tion, without which, or some similar explanation, we could 
not understand the design in scientific management. 

The other, more important, consequence of the last 
chapter's review is the fact that only after such a survey 
could one appreciate the unique character of the new 
movement. It will be this knowledge of the plans of the 
earlier builders which will enable us to decide whether 
scientific management is to be regarded as the last stone 
in an edifice long in process of construction ; or whether it 
is indeed a growth for which there has been no earlier 
counterpart either in Europe or America. That scientific 
management falls rather under the latter classification, 
that it is a system whose methods are more or less dif- 
ferent from anything that has gone before, will be among 
the implications of the present chapter on the develop- 
ment of its fundamental principles. 

54 [328 



329] GENESIS OF SCIENTIFIC MANAGEMENT 55 

I. THE FIRST SCIENTIFIC MANAGEMENT 

The first systematic presentation of what is properly- 
called scientific management occurred in 1895, when Fred- 
erick W. Taylor read before the American Society of 
Mechanical Engineers a paper entitled "A Piece-Rate 
System." * Scientific management had in fact been 
evolving for some ten or fifteen years before 1895. But 
inasmuch as from those earlier days no full statement of 
the principles has come down to us, we will not try to 
subdivide the system's development into minor periods, 
but will regard as a single epoch the years before 1895, 
and present as the initial philosophy of the system the 
principles summed up by Taylor in the above-mentioned 
paper. 2 

An examination of " A Piece-Rate System " shows that 
the great object in establishing scientific management was 
to solve the wages problem. The nature of this problem 
is so well understood that a grasp of Taylor's point of 
view towards it should be conveyed by a mere reference 
to his main arguments : in the first place, he says 
that under the daywork system the men soon conclude 
that there is no profit to them in working hard ; secondly, 
he extends his indictment to piecework, and charges 
that under the latter the desire of the men to stave off 
cuts leads to the almost equally serious evil of restricted 
output. Taylor's method of attacking the wages problem 
consisted in an improvement of piecework by virtue of 
which rate cutting was to be eliminated. 

1 Transactions, vol. xvi. 

2 ,As the first steps toward the development of scientific management 
were taken about 1880, and some of its most vital features were in 
operation as early as 1883, scientific management goes back to an 
earlier date than either Towne's gain-sharing or Halsey's premium 
plan. For many years, however, few persons knew of Taylor's ac- 
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The originality in Taylor's scheme consisted, however, 
neither in his view of the problem, nor in his singling out 
of rate cutting as a target for reform. It was when he 
offered his specific proposal as to how rate cutting might 
be avoided that the construction of his own unique 
system began. Up to the time of the reading of the 
paper under study, the solution of the rate cutting prob- 
lem which had attracted most attention was that which 
has been described under the name of the premium plan. 
The inventor of the premium plan had claimed that the 
cure for rate cutting lay in giving to the workman only 
a fraction of the value resulting from his speeding up. 
Taylor's idea was quite different. He argued that if the 
management merely knew how long it should take a man 
working at his best to complete a job — that information 
alone would eliminate the necessity of cutting rates. 
For the management could then so fix the rates in the 
first place that the men would be compelled to do a 
good day's work in order to make reasonable wages ; 
and further — since all would have to do their best to 
make fair earnings — so no man could by virtue of any 
effort attain to an excessive income. In short, an exact, 
scientific determination of the maximum speed at which 
work can be done is, according to Taylor, the means to 
be invoked for solving the wages problem. 

Now, it was precisely because Halsey had denied the 
possibility of obtaining such data that that leader among 
engineers had gone to the trouble of inventing his 
premium system. Taylor's proposal, therefore, requires 
backing up in the shape of practical suggestions as to 

tivities, so that the engineers who listened to his paper of 1895 thought 
of the system therein outlined as the most recent of the three. 
Halsey, for one, was until that time unacquainted with Taylor's main 
ideas, as witness his statements, Transactions, vol. xvi, pp. 884, 886. 
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how his records may be obtained. This basic proposi- 
tion Taylor discusses under the caption of elementary 
rate-fixing, a term which has since been displaced by 
the broader and more suggestive title, elementary time 
study. 

a. Elementary Time Study 
As compared with the methods usually employed in tim- 
ing workmen, the unique characteristic of elementary 
time study is this, that it involves an analysis of a job as 
a whole into the elementary movements of man and 
machine, which when followed the one by the other ac- 
complish the desired end. Thus, if the job be the plan- 
ing of a piece of cast iron, the following analysis might 
be made : 

Analysis by Elementary Time Study of the Planing of a Surface 
on a Piece of Cast Iron x 

Work done by man Minutes 

Lift piece from floor to planer table 

Level and set work true on table 

Put on stops and bolts 

Remove stops and bolts 

Remove piece to floor — - 

Clean machine 

Work done by machine 

Rough off cut % in. thick, 4 feet long, 2^2 ins. wide 

Rough off cut Ys, in. thick, 3 feet long, 12 ins. wide, etc 

Finish cut 4 feet long, 2^ ins. wide 

Finish cut 3 feet long, 12 ins. wide, etc 

Total 

Add per cent for unavoidable delays 

More fully stated, the first step in elementary time 
study is to divide a task into its simple elements ; the 

1 Taken with slight alterations from "A Piece-Rate System," 
Transactions, vol. xvi, p. 871. 
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second is to jot down opposite each element the number 
of seconds or minutes which, according to a stop watch, 
it takes a workman to perform it ; the third is to add 
these unit times together to obtain a total time ; and the 
fourth is to multiply this sum by a factor which allows 
for rest and other necessary delays. Its essence is thus 
the obtaining of a standard time, not through an un- 
analytical observation of the job as a whole, but rather 
through adding together the unit times required for the 
individual acts whose aggregate constitutes the job. 

But the question arises, why this complicated and costly 
analysis ? Wherein does Taylor attain results superior to 
those which would have been realized through the 
simpler method of timing jobs as a whole ? 

It should first be noted that elementary time study, far 
from being as tedious and expensive as it at first glance 
appears, is in reality rather simple. The reason for this 
simplicity arises from the fact that the elements into which 
each job may be split up are comparable with similar ele- 
ments which enter into other jobs. Thus, to draw an 
analogy, the jobs in any one trade might be likened to 
the chemical compounds. -Both are countless in their 
number and confusing in fheir complexity. But just as 
the chemist can reduce by analysis all of his innumerable 
compounds to some seventy interchangeable elements, 
so also the time study man, on splitting up his thousands 
of factory jobs into their component elements, finds that 
he has reduced them all to a comparatively small number 
of fundamental operations. 

To be specific, a glance at the time study analysis printed 
above makes it evident that all of the operations clas- 
sified as "work done by man" must appear over and 
over again in hundreds of different jobs. Also, although 
any one of those operations classified as " work done by 
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machine " varies in difficulty for different jobs according 
to whether their specifications call for the cutting away 
of a larger or smaller amount of metal, nevertheless each 
of these operations belongs to a group among which 
the variations in time required may be calculated by the 
use of mathematical formulas. 

The effect of these facts upon the mechanism of ele- 
mentary time study is this : they make it possible to 
keep on file in the office, records showing the number 
of minutes or seconds required for the performance of 
each work element entering into the jobs in the shop ; 
then when a new job is to be introduced, it is only nec- 
essary to divide it into its elements, copy from the 
records the time required to perform each operation, add 
these unit times together, and finally multiply by the 
usual factor of safety, or margin for rest and delays. 
Gantt states that during a certain month ninety-two per 
cent of the new tasks imposed in one shop were set 
solely from data in the office, without the rate setter en- 
tering the shop at all. Indeed, argue the advocates of 
scientific management, is not this system much more 
simple than the old way, according to which the foreman 
was accustomed to gather records from a number of 
similar, yet non-identical jobs, and then guess as best he 
could as to how long the new job should take ? 

The above explanation answers in part the question 
as to the why and wherefore of elementary time study — 
in that it indicates that the system is simpler in operation 
than the methods formerly used. As closely following 
from this simplicity of operation should be mentioned a 
second advantage, one which is realized mainly in con- 
. nection with large non-repetitive work. According to 
the old system, which based piece rates upon past 
records covering jobs as a whole, it would be practically 
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impossible to put special work on a piecework basis, the 
probability being that the rate so estimated would be 
wide of the mark. Elementary time study, by offering 
an easy method for the accurate fixing of a rate before 
the job has been begun, permits the extension of the 
piece rate system to non-repetitive work. 

The main reason, however, for the invention of elemen- 
tary time study was not the simplification of rate setting, 
nor yet the extension of the piecework plan to non- 
repetitive work. The chief object of its creation was to 
secure accuracy of results. Under the old plan of meas- 
uring a complicated task as one unit, the workman who 
desired to deceive, or the workman who was ignorant or 
unskilful, was likely to throw in a number of extra opera- 
tions, thus leading to a padding of the time. Indeed, it 
was this padding of the time upon the occasion of the 
original rate setting that caused the subsequent rate 
cutting and hence all the trouble. Taylor claims that 
the mechanism of elementary time study, in counting 
every operation in the work, entirely eliminates the pos- 
sibility of padding. At the same time, the system also 
enables the time study man*to judge whether his subject 
is performing the actually necessary operations at a 
standard speed, for the elements that enter into the 
job are in most cases similar to elements with which the 
expert has become familiar in studying other jobs. Thus 
he comes to the work with fairly definite ideas as to how 
long every operation should take, and if the time study 
man and the workman pit their wits against one another, 
the advantage is with the former. The system, there- 
fore, assures the honesty of the workman observed. It 
eliminates the uncertainty creeping into lump measure- 
ments as to whether it is the job that is being timed or 
merely a series of "fake" or clumsy motions. As a 
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result, it provides unimpeachable data, which may be 
used as a basis for fixing piece rates — piece rates which 
it will never be necessary to cut. In a word, elementary 
time study, according to the advocates of scientific 
management, is the key to the solution of the wages 
problem. 

b. The Differential Rate 

The determination by elementary time study of the 
maximum speed at which work can be done is not, how- 
ever, a complete solution of the wages problem. The 
management must further find some means to induce 
the men actually to work at this maximum rate. The 
means which Mr. Taylor warmly advocated until many 
years after his reading of " A Piece-Rate System " is 
called the differential rate. By the differential rate is 
meant a piece rate scheme by which a low rate per piece 
is paid for a small output, and a higher rate per piece 
for a larger output. Its effect is to make the difference 
between the pay given to a good worker and that given 
to a poor worker even greater than the difference in 
their respective productivities. Its purpose is to make 
it doubly certain that the men will keep up to the max- 
imum rate which elementary time study has established 
as possible of achievement. 

It is assumed by Mr. Taylor in the paper under con- 
sideration that the differential rate is justified by the fact 
that, as production increases in volume, the amount of 
overhead expense per article diminishes. He says that 
many manufacturers 

lose sight of the fact that taxes, insurance, depreciation, rent, 
interest, salaries, office expenses, miscellaneous labor, sales ex- 
penses, and frequently the cost of power (which in the aggre- 
gate amount to as much as wages paid to workmen) remain 
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about the same whether the output of the establishment is 
great or small. 1 

But when they only understand the situation, " the em- 
ployers can well afford to pay higher wages per piece 
even permanently, providing each man and machine in 
the establishment turns out a proportionately larger 
amount of work." 2 

But an observation of what Taylor says in other places 
shows that in starting the differential rate system he had 
no intention of actually paying workmen higher wages 
per piece than they had received before. Thus he de- 
clares : 3 

Mr. Halsey is in error, however, in his assumption that my 
system of piece-work involves paying a higher price per piece 
than is paid under the ordinary system. On the contrary, with 
the differential rate the price will, in nine cases out of ten, 
be much lower than would be paid per piece either under the 
ordinary piece-work plan or on day's work. 

What Mr. Taylor did have in mind was the opposite 
policy of lowering the earnings of those who refused to 
come up to the standard. The following illustration 
given by Mr. Taylor in his paper clearly shows this. In 
the first case to which the differential rate was applied, 
the turning of a standard steel forging, the price on days 
when less than 10 pieces were turned out was fixed at 
25c. each. On days when 10 pieces or more were turned 
out, the price was raised to 35 c. each. However, the 
important fact to be noted is that under the old system 
the men had been paid not 25c, or even 35c, but 50c. a 

1 Transactions, vol. xvi, p. 867. 

2 Ibid., p. 867. 
s Ibid., p. 874. 
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piece. Thus the differential rate system amounted here 
to a general cut from 50c. to 35c; the differential feature 
was merely a further provision penalizing those who did 
not accept the reduction — those who failed to increase 
correspondingly, and more than correspondingly, their 
output. " Make good at 35c. or you will receive only 
25c, in which case you might as well quit," was, in 
effect, the command. Or, to put it in Taylor's words, 
"the lower differential rate should be fixed at a figure 
which will allow the workman to earn scarcely an ordi- 
nary day's pay when he falls off from his maximum 
pace 1 ... [a figure] so small as to be unattractive even 
to an inferior man." 2 The 25c. rate in the case cited 
was therefore not supposed to be an adequate compensa- 
tion, but rather a punishment, the entire object of the 
system being simply to force production to a definite 
predetermined standard. 3 

Though the differential rate thus punishes those who 
fall short of the standard, at the same time it rewards 
those who succeed by paying them a wage substantially 
greater than would have been allowed under the ordi- 
nary piecework system. The men are assured, further- 
more, that if they keep up to the specified pace, their 
rates will never be cut, and that they may continue in- 
definitely to earn a larger wage than is usual for the 
trade. 

1 Transactions, vol. xvi, p. 873. 

2 Ibid., p. 874. 

8 As ordinarily arranged, a workman almost but not quite reaching 
the task would make slightly more money even at the lower of the two 
rates than if he had been on day work. It is not, therefore, an ex- 
cessively heavy penalty which the differential rate imposes. However, 
if we compare the results with the large earnings which a small increase 
in efficiency would have brought, failure under the system is obvious. 
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Thus, to summarize, a combination of elementary time 
study, the differential rate, and a policy of never cutting 
rates, means first, the removal of restrictions on output 
due to fear of rate cutting; second, the forcing of pro- 
duction up to the maximum, because of the introduction 
of the differential rate; and third, the cheerful main- 
tenance of this speed by the men, due to the fact that 
their permanent earnings are sufficiently above the 
average to make them contented. While — in the illu- 
stration on which Mr. Taylor dwells — the speed was 
such that the men " were obliged to work at their maxi- 
mum pace from morning to night," so that it made a 
"big day's work, both for men and machines," yet "from 
the day they first turned 10 pieces to the present time 
[1895], a period of more than ten years, the men who 
understood their work have scarcely failed a single day 
to turn at this rate." The differential rate was in all 
cases accepted willingly by the men. 

Although maximum output is especially desirable 
where expensive machinery piles up overhead expense, 
it is evident from the above explanations that the dif- 
ferential rate does not base its justification upon this 
argument alone; its logic might be applied wherever 
piece rates are practicable. 

c. Conclusions 

In the first stage of its genesis, scientific management 
therefore consisted of two main features : first, the deter- 
mination by elementary time study of what constitutes a 
day's work ; and second, the differential rate. 

As to the relative merits of the two principles, Mr. 
Taylor had the following to say : * 

x Transactions, loc. cit., p. 875. 
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Of the two devices for increasing the output of a shop, the dif- 
ferential rate and the scientific rate-fixing department, the latter 
is by far the more important. The differential rate is invalu- 
able at the start, as a means of convincing men that the man- 
agement is in earnest in its intention of paying a premium for 
hard work; and it at all times furnishes the best means of 
maintaining the top notch of production; but when, through 
its application, the men and the management have come to 
appreciate the mutual benefit of harmonious cooperation and 
respect for each other's rights, it ceases to be an absolute 
necessity. On the other hand, the rate-fixing department, for 
an establishment doing a large variety of work, becomes abso- 
lutely indispensable. The longer it is in operation the more 
necessary it becomes. 

As to the actual value of elementary time study and 
the differential rate. Mr. Taylor claimed that they had 
been in successful operation for the preceding ten years. 
He summarized as follows the typical results : 

Table Showing Superiority of Differential Rate over Ordinary 
Piecework from the Viewpoint Both of the Management 

and the Men 1 

Ordinary Piecework Differential Rate 

(5 pieces at 50c. each) (10 pieces at 35c. each) 

Wages $2.50 Wages $3-50 

Machine cost 3-37 Machine cost 3-37 



Total cost per day 5.87 Total cost per day 6.87 

Cost per piece $1.17 Cost per piece $ .69 

Thus Mr. Taylor regarded as typical an increase in pro- 
duction of 100 per cent, an increase in wages of 40 per 
cent, and a reduction in cost of 41 per cent. 

A word now as to the distinction between the points 
of view of Towne and Halsey and of Taylor. The most 

1 Adapted from Taylor's table, loc. cit., p. 879. 
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conspicuous respect in which Mr. Taylor differed from 
these gentlemen was in his confidence in the manage- 
ment's ability to gain an intimate knowledge as to the 
details of work. Towne and Halsey conceived improve- 
ment in industry as being of very slow growth. They 
thought that it must necessarily take a long time for the 
methods of work to be brought to perfection ; that for 
many years there might be a gradual increase in speed 
as the workmen would discover short cuts that would 
reduce the time. Taylor, on the contrary, boldly pro- 
poses that the management determine absolutely and 
without any room for doubt just how long it should 
take to do work, now and for all the future. When 
Taylor has once completed his investigations, production 
is supposed to be forced up to the maximum at one 
leap. 1 There is to be no subsequent improvement ex- 
tending over a course of years. Or if there is, it is not 
important enough to enter into the calculations. Far 
from being possessed by that fear of making a mistake 
in fixing the rates, which caused Towne and Halsey to 
propose to divide profits between management and men, 
Taylor advocates, in the differential rate, a system which 
would magnify instead of minimize the effect of mistakes. 
Thus the one point in " A Piece-Rate System " which is 
most suggestive of the future development of scientific 
management, is this, that the management is supposed 
to know more about the work than the men themselves 
— to know more than they know at present, and more 
than they can discover in the future. 2 

1 That is, the final standard is set at one leap. Of course it takes 
more or less time to teach the workmen to reach the standard. 

2 We are speaking here of improvements in the method of work, the 
process, tools, and equipment remaining the same. These last will, 
of course, frequently be changed. But the process having been deter- 
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It may be noted that the hearers of Taylor's paper, in 
spite of the author's repeated emphasis on elementary 
time study, were at the time more interested in the dif- 
ferential rate. With the passage of years, however, much 
of the interest in the differential rate has been transferred 
to other wage systems ; and there has furthermore been 
a growing tendency to regard the entire matter of wage 
payment — at least as far as the details are concerned — as 
one of secondary importance. The study of unit times 
now stands as the single substantial basis of the system. 1 

2. THE SCOPE OF SCIENTIFIC MANAGEMENT ENLARGED 

Between 1895 and 1903 certain fundamental additions 
were made to the body of scientific management doctrine 
and practice ; one returning to view the system's progress 
in the latter year would discover that the old features 
had come to constitute only one aspect of a greatly en- 
larged system. 2 In the study of this second stage of 
development, the most important source is the restate- 
ment of principles contained in "Shop Management," a 
paper read by Frederick W. Taylor in June, 1903, before 

mined for the time being and the tools and material conditions of 
work having been specified, the success of Mr. Taylor's system depends 
upon the management's discovering at the outset the very best way 
in which the tools, etc., can be handled. The rate must stand until 
there is another change in conditions. 

1 Mr. Taylor had never heard of the differential rate before it was 
invented and put into operation by himself in 1884. It is, however, 
essentially the same thing as is to be found in certain French indus- 
tries, and called "progressive wages" in M. Leroy-Beaulieu's Essai 
sur la repartition des richesses. This should not detract at all from 
Mr. Taylor's independent discovery and application of the principle 
to American industry. 

' The development of 1895-1903 included the advances made at 
Bethlehem and the work of Sanford E. Thompson in reorganizing 
the building trades. 
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the American Society of Mechanical Engineers. 1 In 
" Shop Management," we have the classic of scientific 
management literature, a paper which both sums up the 
achievements of the past and marks out the lines along 
which were to occur the chief developments of the future. 
The three following divisions will discuss the three prin- 
cipal aspects of the more completely formulated system. 

a. The First Phase of the Larger Scientific Manage- 
ment: Securing the Initiative of the Workmen 2 
In the first part of " Shop Management," one meets 
with those devices for determining maximum output and 
inducing the men to work up to that limit, which con- 
stituted the one theme of "A Piece-Rate System." 
Such attempts to secure the initiative of the workmen 
may now be classified as simply the first phase of the 
enlarged system. Before dismissing this aspect of the 
subject it will only be necessary to add such details as 
will bring the story down to the year 1903. 

The first new point brought out in " Shop Manage- 
ment " consists in the announcement that the great suc- 
cess of the system is due to the passing by of ordinary 
workmen and the employment of unusual men only. 
The reason why Taylor's men could accomplish so much 
more than those in other shops was because he had taken 
sufficient pains and offered high enough wages to draw 
to him superior workmen — men who were so constituted 
mentally and physically that they could maintain a very 

1 Transactions, vol. xxiv. 

a The term initiative, as used by Taylor, would seem to have been 
roughly equivalent to interest, or at the most enterprise. It did not 
necessarily include invention or actual initiation of undertakings, though 
these ideas, of course, would not have been entirely excluded. What 
Taylor was after particularly was good will and cooperation. This will 
be the meaning attached to the term throughout the remainder of this 
book. 
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rapid pace. " The possibility of coupling high wages 
with a low labor cost rests mainly upon the enormous 
difference between the amount of work which a first-class 
man can do under favorable circumstances and the work 
which is actually done by the average man." 1 In most 
cases first-class men can do " from two to four times as 
much as is done on an average." 

A second conspicuous feature of " Shop Management" 
is the relatively lighter stress now laid upon the differen- 
tial rate. The differential rate is still recommended as 
the simplest and most forceful way of controlling the 
labor situation. But as more convenient in some cir- 
cumstances is mentioned Mr. Gantt's device, invented 
two years earlier, known as " Task Work with a Bonus." 
We may note that the recommendation of both of these 
systems is based on the fact that each in its own way 
causes the men to receive automatically and daily either 
an extra reward in case of complete success, or a distinct 
loss in case they fall off even a little. In some cases, it 
is stated, daywork or straight piecework may be coupled 
with elementary time study and made to achieve excel- 
lent results. Thus the conclusion may be drawn from 
Mr. Taylor's discussion that the precise wage system 
has now become comparatively unimportant, and de- 
pends for its justification largely upon the circumstances 
of the case. The only important consideration is to 
adopt some means by which extra high wages are offered 
for extra hard work. 

One other observation : the precision with which 
Taylor was accustomed to analyze human nature is well 
illustrated by the following quotation, taken from his 

1 Op. cit., p. 134S. Mr. Barth, however, says that Taylor was referring 
here especially to heavy labor. No man, he says, was discarded in the 
Bethlehem machine shop. 
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advice as to how great, under varying circumstances, a 
workman's extra reward should be : * 

The writer has found, for example, after making many mis- 
takes above and below the proper mark, that to get the maxi- 
mum output for ordinary shop work requiring neither special 
brains, very close application, skill, nor extra hard work, . . . 
it is necessary to pay about 30 per cent more than the average. 
For ordinary day labor requiring little brains or special skill, 
but calling for strength, severe bodily exertion and fatigue, it is 
necessary to pay from 50 per cent to 60 per cent above the 
average. For work requiring especial skill or brains, coupled 
with close application but without severe bodily exertion, such 
as the more difficult and delicate machinist's work, from 70 
per cent to 80 per cent beyond the average. And for work 
requiring skill, brains, close application, strength and severe 
bodily exertion, such, for instance., as that involved in run- 
ning a well run steam hammer doing miscellaneous work, from 
80 per cent to 100 per cent beyond the average. 

Outside of the above-noted explanations, and a stock 
of new illustrative material, " Shop Management's " treat- 
ment of the phase of scientific management which has to 
do with the securing of the initiative of the workmen is 
essentially the same as that presented eight years before. 
The starting point of the system is still the determination 
of a " standard time," or " quickest time," by the study 
of "unit times." The manner in which the final results 
are assured is indicated by the capitalized mottoes, "A 
Large Daily Task," " High Pay for Success," and 
"Loss in Case of Failure." (The significance of an- 
other motto, " Standard Conditions," is bound up 
more with the second than with the first aspect of 
scientific management.) 

1 Op. cit, p. 1346. 
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b. The Second Phase of the Larger Scientific Manage- 
ment: Improving Methods of Work 
The second group of principles contained in " Shop 
Management" do not appear all in one place, but are 
scattered, for the most part, through the latter half of 
the paper. They have to do, not with drawing more 
effort from the men, but with introducing more efficient 
methods of work. The manner in which this new field 
was entered will be the topic of discussion in the fol- 
lowing seven sections. The leading principles will be 
stated and illustrated therein — as nearly as can be, in the 
order of their respective importance. 

(i) Standardization of Tools and Equipment 
The original reason for the infusion of standardization 
into scientific management was a deman,d for it on the 
part of scientific rate-fixing. It was early realized that 
it might well happen that a job which time study analysis 
had found could be done in one hour would actually take 
various workmen times ranging from one hour, to an hour 
and a half, or two hours — for no other reason than that 
their respective machines were in different conditions. 
It was to avoid this unevenness of earnings, which would 
brand the system as ridiculous and unfair, even more 
than to secure the advantage of better equipment for its 
own sake, that the question of standardization of tools 
and equipment was first taken up. 

It is uniformity that is required. Better have them [the tools] 
uniformly second class than mainly first with some second and 
some third class thrown in at random. In the latter case the 
workmen will almost always adopt the pace which conforms 
to the third class instead of the first or second. 1 

1 Transactions, loc. cit., p. 1407. This would be especially so in the 
case of tool steel, a lack of uniformity in which would naturally lead 
■workmen and others to assume always that they had the poorest grade. 
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Thus standardization was originally regarded as merely 
a preliminary step — a means to the attainment of the 
more important end of securing maximum effort on the 
part of the workmen. As early as 1895, however, it was 
recognized that the means was in itself of considerable 
value. Thus in " A Piece- Rate System," Mr. Taylor 
says * that " not the least of the benefits of elementary 
rate-fixing are the indirect results." He then refers to 
the great benefits which were derived at the plant of the 
Midvale Steel Company because elementary time study 
enabled the management to correct faults and make im- 
provements in machine construction. The study " de- 
veloped the fact that they [the machines] were none of 
them designed and speeded so as to cut steel to the best 
advantage." The company has accordingly " demanded 
alterations from the standard in almost every machine 
which they have bought during the past eight years," 
and has itself superintended "the design of many special 
tools which would not have been thought of had it not 
been for elementary rate-fixing." Not only was there 
improvement due to the study of machines — 

But what is, perhaps, of more importance still, the rate-fixing 
department has shown the necessity of carefully systematizing 
all of the small details in the running of each shop ; such as the 
care of belting, the proper shape for cutting tools, and the 
dressing, grinding, and issuing same, oiling machines, issuing 
orders for work, obtaining accurate labor and material returns, 
and a host of other minor methods and processes. These de- 
tails, which are usually regarded as of comparatively small im- 
portance, and many of which are left to the individual judgment 
of the foreman and workmen, are shown by the rate-fixing de- 
partment to be of paramount importance in obtaining the 

1 The quotations in this paragraph are taken from Transactions,. 
vol. xvi, p. 877. 
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maximum output, and to require the most careful and syste- 
matic study and attention in order to insure uniformity and a 
fair and equal chance for each workman. 

These improvements in machines and in shop routine 
are a joint product of the effort to establish standards 
for tools and equipment, and the desire to discover the 
quickest time in which work can be done. 

Thus there is in "A Piece-Rate System" one page 
which forcefully enumerates the incidental advantages 
rising from standardization — a passage which clearly 
anticipates the prominence to be given to the subject 
later in " Shop Management." This fact makes it a little 
hard to tell when scientific management was enlarged to 
cover standardization — the same was utilized from the 
beginning. If, however, we make our decision as to 
when different features were added to scientific manage- 
ment depend upon the time when they assumed a real 
place in the thought of the leaders, we may decide that 
standardization properly fitted into the system of 1903, 
but not into that of 1895. 

Standardization is looked upon to-day as important, 
not only because it means uniformity of working condi- 
tions, but also because it means that all tools and all 
working conditions will be of the best. 

The origin of the other features next to be considered 
need not be discussed as critically as was necessary in 
the case of standardization. They find no expression in 
"A Piece-Rate System." Though doubtless most of 
them were latent in the system in 1895, only in " Shop 
Management," and indeed not fully then, were they re- 
vealed as one of the great major ends of scientific 
management. 
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(2) Routing and Scheduling 
By routing is meant the designation of the machine 
or man to which work is sent. Two sorts of advantages 
may be sought. In some cases the end in view is to 
choose the machines, or perhaps arrange them, so that 
the work will not need to be moved an unnecessary dis- 
tance. In other cases, not the distances, but the machines 
themselves, or their operators, are the objects of study. 
Thus the chief in charge of an efficient routing system 
takes care that the machines and men always have the 
right amount of work on hand ; which means, among 
other things, that the loss of time through waiting for a 
job is eliminated. He also endeavors to send the work 
to those machines and men that are best fitted for it. 
Finally, rush jobs are dispatched first, and a system is 
arranged by which large orders are not kept waiting be- 
cause of negligence in completing some of their parts. 
Scheduling is routing as regards the time aspect. By 
routing, it is decided where the work shall be done ; by 
scheduling, when. Thus they are merely the two sides 
of the same thing. 

From the time when the first factory was opened until 
the present day, it has of course been not the least of the 
duties of the management to decide when and by whom 
the work shall be done. Routing and scheduling are 
here classified as a part of scientific management only 
because in' connection with this system they have been 
carried to a remarkable degree of refinement. The reason 
for this unusual development is, of course, due to the 
fact that the workmen, to make their proper pay, are 
obliged to apply themselves vigorously and constantly, 
a situation which makes it of the utmost importance that 
the work pass through the shop in so orderly a manner 
that the men may be employed without interruption. 
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But the mechanism of routing once having for this reason 
been put into operation, scientific management has seized 
the opportunity afforded, to accomplish savings along 
all the broader lines mentioned above. It is explained 
in " Shop Management " * that there is a special " Order 
of Work or Route Clerk," who lays out "the exact 
route which each piece of work is to travel through the 
shop from machine to machine," and who daily writes 
out instructions which "constitute the chief means for 
directing the workmen [as well as the bosses] in this 
particular function." The result is shown not only in 
the earnings of the men, but also in the prompt and 
economical completion of the work. 

It may be noted in this connection that routing and 
scheduling, though an essential part of scientific manage- 
ment at the time when " Shop Management " was written, 
were later to receive a much fuller development — as in 
the plant of the Tabor Manufacturing Company. Rout- 
ing and scheduling now constitute one of the most pro- 
fitable features of the system. 

(3) Instruction Cards 
An instruction card is a set of directions for the per- 
formance of a special piece of work. To many this 
system seems supervision gone mad. What possible 
saving can there be in one man's anticipating every act 
on the part of another by issuing a written order ! The 
key to an understanding of the purpose of the instruc- 
tion card is to be found in the peculiar conditions exist- 
ing in a shop given over to the cutting of metals. It 
was here that the system originated, and it is of such a 
shop that Mr. Taylor and others are thinking when they 
speak of the instruction card. 

1 Transactions, vol. xxiv, p. 1393- 
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The story of the situation in metal cutting shops, of 
the long effort of Taylor and others to facilitate produc- 
tion therein, and of their final triumph — this is referred 
to and briefly treated in " Shop Management." For a 
sketch of the movement, however, it is advisable to rely 
on the far better account given three years later in 
Taylor's paper, "On the Art of Cutting Metals" 1 — a 
treatise which was at the time appraised by the editor of 
the Transactions as probably the most remarkable con- 
tribution ever received by the American Society of 
Mechanical Engineers. 

The gist of the problem which confronts a workman 
in charge of a metal cutting machine is thus concisely 
put in the last-named paper : 

There are three questions which must be answered each day in 
every machine shop by every machinist who is running a metal- 
cutting machine, such as a lathe, planer, drill press, milling ma- 
chine, etc., namely : 

(a) What tool shall I use? 

(b) What cutting speed 2 shall I use? 

(c) What feed shall I use? 

This problem, although one to which the machinist has 
perhaps devoted many years, is quite impossible of ac- 
curate solution by his judgment alone. For a choice of 
the most efficient speed and feed is not the same from 
job to job ; but its determination is almost infinitely 
complicated by the fact that it depends upon twelve var- 
iables. There must be taken into account (a) the quality 
of the metal which is to be cut, (b) the diameter of the 

1 Transactions, vol. xxviii, p. 31. 

2 Taking a lathe for illustration, the speed is the rate at which the 
surface to be dressed is brought into contact with the tool, while the 
feed is the rate at which the tool — or the work — is moved laterally so 
that the tool may come in contact with fresh areas of surface. 
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work, (c) the depth of cut, (d) the thickness of the 
shaving, and so on through (e), (f), (g), and five others. 
The desire to find a scientific way of solving this hitherto 
unsatisfactorily approached question led Taylor, in 1880, 
to start an investigation along these lines, as a part of 
his managerial duties. 

The task proved unexpectedly severe. Mr. Taylor 
thought he would complete it in six months, but instead 
it took twenty-six years. More than 800,000 pounds of 
iron and steel were cut up into chips, and through the 
aid of certain great corporations between $150,000 and 
$200,000 was spent on the experiments. Nevertheless 
the problem was solved, and most important of all, the 
scientific formulae obtained were embodied between 
1899 and 1902 in slide rules, which were so simple that 
an ordinary workman could be taught to make practical 
and rapid everyday use in the shop of all the laws and 
formulae deduced from the experiments. 

As a matter of shop practice, however, it is much 
easier to have this clerical work attended to in the office, 
and it is for precisely this reason that the instruction 
card was introduced. Blanks similar to the one shown 
below are filled out in the office, or as we may now call 
it the " planning department," and then sent to the men 
on the machines. They tell the workmen briefly 

the general and detail drawing to refer to, the piece number 
and the cost order number to charge the work to, the special 
jigs, fixtures, or tools to use, where to start each cut, the exact 
depth of each cut, and how many cuts to take, the speed and 
feed to be used for each cut, and the time within which each 
operation must be finished, 1 

as well as information regarding the rate of pay. Care 
1 Transactions, vol. xxiv, p. 1393. 
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is also taken to suggest such an order for the perform- 
ance of the different operations as will minimize unneces- 
sary adjustments of the machine, and facilitate the hand- 
ling of the work. 

A BLANK 
Tire-Turning Instruction Card 1 

Machine shop 

Order for Tires 

Do work on Tire No 

as follows and per blue print 

[1] M [3] M [5] [6] [7] 



Surface to be machined 

Set tire on machine ready to turn . . 

Rough face front edge 

Finish face front edge 

Rough bore front 

Finish bore front 

Rough face front I. S. C 

Cut out filled 

Rough bore front I. S. F 

Rough face back edge 

Finish face back edge 

Finish bore back 

Rough bore back 

Rough face back I. S. F 

Cut out filled 

Cut recess 

Rough turn thread 

Finish turn thread 

Rough turn flange 

Finish turn flange 

Clean fillet of flange 

Remove tire from machine and clean 
face plate 



fe 



<A 



&3 

01 *• 

•32 
v o. 
*- en 

in 



1 Transactions, vol. xxiv, p. 1382. 
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It is thus seen that the instruction card is a combina- 
tion of specifications covering the work, and of instruc- 
tions as to methods. Its use is primarily in that field 
where there is associated with manual work a large and 
rather abstruse technical element, and especially where 
inefficiency would not only lead to a high wage cost, but 
also involve waste in the operation of expensive machine 
processes. It frequently represents the results of years 
of scientific study put in the most convenient form for 
the use of the workmen. If the card be for special work, 
it cannot, of course, go -into small details, but merely 
gives a skeleton of the important things to look after in 
the execution of the task. 

Though the idea of the instruction card has been ex- 
tended to serve various other purposes, its type is the 
special card described above. When a scientific manage- 
ment expert speaks of an "instruction card," he is not 
thinking of general information tabulated for permanent 
reference — at least not usually. This latter device does, 
of course, have a place under scientific management ; but 
there has never been occasion to give it much emphasis. 

(4) Motion Study * 
Shortly after the beginning of the Spanish War (1898), 

1 Perhaps the most interesting illustration of motion study is Gil- 
breth's reorganization of bricklaying. Striking, also, were the ex- 
tensive experiments made at Bethlehem covering the art of shoveling. 
The first of these tasks, however, was not advertised until some 
years after " Shop Management " was written, and the latter was 
given scanty consideration therein. Indeed, one cannot gather a very 
satisfactory account of motion study entirely from literature written 
as early as 1903. Details are lacking; perhaps at the time the value 
of the principle was not really appreciated. It would be a mistake, 
however, to pass the subject of motion study entirely by in this con- 
nection; for it was in fact highly developed by 1903, and indeed at 
many points almost came to the surface of " Shop Management." We 
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a rise in the price of pig iron led the Bethlehem Steel 
Company to sell, and to prepare to load on cars, eighty 
thousand tons of pig iron, until then stored in small 
piles in an open field. The pig iron handlers had started 
on the great task at an average rate of 12 % long tons 
per man per day, a rate which was, "on the whole, 
about as fast ... as it was anywhere else at that time." 
Then it was that Mr. Taylor determined to apply scien- 
tific management; and, by combining an offer of high 
pay for success with careful selection of his men and 
scientific direction as to the way in which they should 
attack their work, succeeded in increasing the average 
achievement, so that every man loaded, not 12%, but 
A7 T A long tons a day. These phenomenal results could 
not have been produced by motion study alone ; but that 
it was a necessary factor, the following explanation will 
make clear. 

In the field of heavy laboring, science's opportunity to 
help the workman lies, not in suggesting a system of 
deft or ingenious movements, but rather in minimizing 
muscular strain — in utilizing human energy to the utmost. 
When Mr. Taylor determined to increase the achieve- 
ments of pig iron handlers at Bethlehem, he dared not 
induce them to speed up as they themselves might 
choose ; he foresaw that they would start in with a rush, 
and stop because of fatigue long before the day's task 
was performed. It was found, however, that a man of 
suitable physique could increase the number of tons 
handled with perfect safety provided the overseers en- 
forced periods of rest at frequent intervals. In short, 

have therefore ventured to describe an undertaking whose results are 
given in that paper, though for working details we must rely almost 
altogether on Taylor's later Principles of Scientific Management 
(19")- 
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this guiding principle was discovered : that to do his 
best, a first-class laborer carrying pigs weighing 92 
pounds each should be under load only 43 per cent of 
the time. The " science " of handling pig iron, there- 
fore, consisted first in choosing the proper men, and 
then in making them rest at intervals which had been 
-found by careful investigation to be the most efficient ; 
•only by thus regulating the expenditure of energy could 
the 47^ tons be loaded on the car. 

The above account illustrates two of the chief reasons 
why the management is sometimes better equipped than 
the workman to plan the latter's motions. In the first 
place, in grappling with the problem of pig iron handling, 
the Bethlehem management was able to employ better 
trained brains than were prevalent among the laborers. 
That the latter would have been utterly incapable of 
finding the correct solution of the problem is evidenced 
by their entire ignorance of the very concept of percent- 
age. In the second place, the highest success would 
have been impossible without the appropriation of a 
larger amount of time and money than any one indi- 
vidual could have afforded. 

A third argument for the introduction of motion study 
by the management finds force in those circumstances 
where one individual, no matter how able or learned, 
could not possibly adopt efficient methods — because he 
is working in cooperation with others to whose habits 
he must conform. A good example of this is presented 
in Gilbreth's reorganization of bricklaying. 

(5) Selection of Workmen 

Incidental reference has been made to the selection of 
only first-class men to serve as pig iron handlers. Mr. 
Taylor explains that of the seventy-five men who had 
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before constituted the gang at Bethlehem, only one out 
of eight was physically capable of maintaining the pace 
set under scientific management. 

In another part of " Shop Management," there is de- 
scribed the application of scientific management to the 
inspection of bicycle balls in the works of the Symonds 
Rolling Machine Company, as a result of which " thirty- 
five girls did the work formerly done by one hundred 
and twenty." ' Taylor later " explained that, in this case, 
" the one element which did more than all of the others 
was the careful selection of girls with quick perception 
to replace those whose perceptions were slow." 

These two illustrations, covering widely dissimilar 
sorts of work, show that a great increase in efficiency 
may sometimes be realized through selecting from the 
countless types of possible workers only those whose 
mental or physical make-up especially adapts them for 
the work at hand. The pace for such a selected group 
may be made far more rapid than would be otherwise 
possible — without doing anyone an injury. 

(6) Supplies 
The fundamental object of scientific management being 
to permit every man to accomplish the full amount of 
work of which he is capable, the system consequently 
takes great pains to guard against a lack of supplies. 
As soon as an order is received requisitions are made 
out for all the materials which will be needed, so that 
the clerk in charge of stores may have ample warning. 
This clerk keeps a balance record of the goods actually 
in the bins, minus such materials as have been reserved 
for the filling of requisitions. He has set for him a min- 

1 Transactions, vol. xxiv, p. 1384. 

- Principles of Scientific Management (1911), p. g6. 
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imum limit. When a requisition informs him that there 
are coming through the shop orders which when filled 
will reduce the stock below this limit, he at once notifies 
the purchasing agent or other proper party, and steps 
are taken towards replenishment. In addition to the 
elimination of forced waiting on the part of the men, 
this system prevents delays in the filling of orders. 

Under the general head of supplies may be mentioned 
two additional features. First, the shops which have in- 
troduced scientific management are proud of their tool 
rooms. Considerable ingenuity has been displayed in 
arranging tools in a space economizing order, and a 
clever system of mnemonic symbols has been introduced 
in order to aid classification. Every tool must be in 
perfect condition when given to the workman. The 
other point is that scientific management takes phe- 
nomenal pains to look after all those small supplies for 
the lack of which high-priced workmen are often com- 
pelled to delay their work. Everything that a man may 
need to complete a job is brought to him before the 
task is begun. 

In closing, it should be noted that the several features 
discussed under the head of supplies, although men- 
tioned in " Shop Management," were to find a fuller 
development later in the plants of the Tabor Manufac- 
turing Company, the H. H. Franklin Manufacturing 
Company, and other modern organizations. 

(7) Symbols 
Though very brief mention is made of the subject in 
" Shop Management," the use of mnemonic symbols was 
then as now so important a feature of scientific manage- 
ment that they deserve to be described along with the 
other fundamentals of the system. The mnemonic sym- 
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bol system, Mr. Taylor says, was invented by Oberlin 
Smith, and amplified by Henry R. Towne. The prin- 
cipal feature of Mr. Smith's method seems to have been 
the use of symbols in such a way as to suggest the 
grouping of the several machine parts. 1 Mr. Towne 
adds that the essential thing is to place the letters so 
that their value depends on the " column " or position 
they occupy — as is done in the case of numbers under 
the decimal system. 2 The basic structure of the symbol 
may be illustrated if we assume that the designation for 
the Cylinder Division of the Base Group of the Ram- 
ming Type of Molding Machines is MRBC ; or that the 
cost symbol used by a lighting company to cover Elec- 
tric Wiring for Lighting Purposes in the Interior Ap- 
pointments on the Construction of New Buildings in 
connection with Real Estate Development, under the 
division of Construction Work will be CRCNLE. 3 

As time has gone on the use of symbols has been 
more and more extended and improved upon by Mr. 
Taylor, by Carl G. Barth, and others. It has become a 
convenient and scientific nomenclature covering not only 
the various manufactured parts, but also stores, tools, 
and everything which needs to be named. It is a new 

1 See Oberlin Smith, " Nomenclature of Machine Details," a paper 
read in 1881 before the Altoona meeting of the American Society 
of Mechanical Engineers, and published in the Transactions, vol. ii, 
PP- 3S^-369- 

2 See quotations from Mr. Towne in article by John H. Williams, 
" On the Index as a Factor in Industry," Bulletin of the Taylor Society, 
July, 1916. Mr. Williams' discussion of the subject of symbols and 
indexing is a very excellent one. 

s The make-up of mnemonic symbols is discussed in C. Bertrand 
Thompson's Scientific Management (Harvard Business Studies). This 
large volume is the most extensive attempt which has yet been made to 
collect material dealing with the various practical phases of scientific 
management. 
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and artificial language, terse, exact in meaning, and 
suggestive to the memory. By their construction the 
symbols aid in cost keeping and make possible a logical 
and intelligible arrangement of tools and stores, this 
latter being accomplished by placing articles or materials 
in racks and bins in the alphabetical order of their sym- 
bols. The use of symbols simplifies routing and pur- 
chasing, and they may govern the filing of papers and 
handling of correspondence. The symbol, in short, has 
become more than a name ; it is an analysis, an index. 

It has recently been proposed to enlarge the use of 
symbols, so that they shall cover not only materials, but 
also functions. Just as the engineer and draftsman plan 
and put on record the exact form of plant and machinery 
which it is desired to construct, so it is proposed that 
the management shall some day plan in advance all the 
activities and coordinations of activity which constitute 
management. At least they shall be planned in the 
sense that a type of organization once developed shall 
be pinned down and perpetuated through records and 
instructions covering every detail of operation. 

While scientific management has not yet gone this 
far, it may be said that, as far as it has extended its 
system of investigation, record, and exact control, the 
symbol has been introduced as the chief key to practical 
manipulation. It is indeed difficult to see how scientific 
management could have otherwise handled its immense 
quantity of detail. 

(8) Conclusions 

The above sections have considered the ways in which 
scientific management has gone beyond mere task setting 
and striven to improve the methods of work. 

A beginning of the development in this direction was 
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noted in the system as presented in 1895, along the line 
of standardization. But that this phase was not then re- 
garded as of very great consequence is shown by the 
following quotation : * " The above result [the gain from 
scientific management] was mostly, though not entirely, 
due to the differential rate. The superior system of 
managing all of the small details of the shop counted for 
considerable." 

Credit belongs to "Shop Management" (1903) for 
the main announcement of the entry of scientific manage- 
ment into the field of directing men. There, for the first 
time, the planning of work was given prominence. 
Nevertheless even in " Shop Management," we found 
that several important efficiency features were given but 
small space. 

It really took seven years years more for the full sig- 
nificance of the new phase to be appreciated. But by 
1910 it had certainly come into its own; in that year 
Brandeis went so far as to avow that the essence of the 
whole system is in the separation of planning from per- 
forming? 

1 Taylor, description of scientific management at Midvale, "A Piece- 
Rate System," Transactions, vol. xvi, p. 879. 

2 This shifting in emphasis may have been due to the fact that the 
earlier papers were written primarily for engineers and manufacturers, 
while the later statements were framed for the general public, — being 
part of a program to popularize the new system. The thought 
therefore shifted between 1903 and 1910 from the system's selfish as- 
pects to those more widely beneficial; and its philosophy was revised, 
even where practice remained almost unaltered. 

Quite the contrary had been the case between 1895 and 1903. There 
was in this earlier period a real broadening of scope. But the ad- 
vance in presentation attained by 1903 was behind, rather than ahead 
of, the improvement in substance. 

An even more radical shifting of emphasis has occurred since 191S, 
and is discussed in Section 3 of this chapter under the head of Scien- 
tific Management in Adjustment. 
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The question as to whether this new emphasis is a 
proper one — whether scientific management is mainly a 
device for drawing effort out of men, or rather a system 
of efficient factory methods — this important question 
will be treated critically at a later point. 

c. The Third Phase of the Larger Scientific Manage- 
ment: Organization 

The reader of the foregoing must have been impressed 
with the arduousness of the labor which scientific man- 
agement encounters in each of its two great fields. To 
accomplish the system's first end, a management must 
determine by elaborate analysis the exact time which it 
should take to perform each factory job ; to be successful 
from the second point of view, it must undertake a 
through study of the efficiency of innumerable details of 
factory life. Moreover, the difficulty of the task is in- 
creased by another consideration : after the bosses have 
assigned the work to the men, they take upon themselves 
the further duty of seeing that the goal is actually at- 
tained ; that is, the management makes itself responsible 
for the success of each workman — studies the causes of 
each individual's failures and discouragements, and is, in 
fact, a teacher, ever ready to lend a helping hand. Con- 
sidering everything, therefore, the amount of direction 
under scientific management is often several times as 
great as under ordinary systems. 

The assumption by the directing force of these mani- 
fold duties has brought it about that, simultaneously with 
the appearance of the first two phases of the system, the 
management has been compelled to develop in a third 
direction. Organization, its growth and adaptation to 
meet the strain imposed upon it, becomes the topic of 
the present section. 
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The first and most obvious alteration in the organiza- 
tion of a plant consequent upon the introduction of scien- 
tific management is the establishment of a planning de- 
partment. This change is significant first because it means 
a larger organization. In the works of the Tabor Manu- 
facturing Company, for instance, before the introduction 
of scientific management, the number of men whose ac- 
tivity centered in the office was 5, as against 105 em- 
ployed in purely shop work ; afterwards, the ratio was 20 
to 75. The strength of the management per one hundred 
men in the shop was thus made more than five times as 
great. 1 

But the change in organization which attends the estab- 
lishment of a planning department is not one of size only.. 
Reorganization means the centralization of a certain type 
of work in one planning room. Not only are the new 
functions of management carried on in the planning room, 
but wherever possible, work that was before performed by 
the men in the shop is put into the hands of clerks in the 
office. Indeed, it is claimed that almost all of what ap- 
pear to be novel duties, created by scientific management, 
should really be classified as falling under this latter head 
— that of work which was previously done, — only in 
clumsy fashion, — by the workmen. The imposing of 
duties upon the planning department, therefore, consists, 
not so much in piling up new tasks, as in relieving the 
grimy hands of the machinists of certain clerical routine; 
and in planning as much of the work as possible in a place 
where adequate records, roomy desks, and expert heads 
are available. 

1 Evidence Taken by the Interstate Commerce Commission in the 
Matter of Proposed Advances in Freight Rates by Carriers (1910), 
vol. lv, p. 2660. 
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As far as possible the workmen, as well as the gang bosses 
and foremen, should be entirely relieved of the work of plan- 
ning, and of all work which is more or less clerical in its nature. 
All possible brain work should be removed from the shop and 
centered in the planning or laying-out department. . . . x 

The second great change in organization due to scien- 
tific management is a certain specialization among ths 
members of the planning and directing force. This de- 
velopment, which is called functional management, is in 
part a consequence of increased numbers, but not entirely. 
The main reason given by Mr. Taylor for introducing 
functional management is the scarcity of good all-around 
foremen. To quote: 2 

These nine qualities go to make up a well rounded man : brains, 
education, special or technical knowledge [or] manual dex- 
terity or strength, tact, energy, grit, honesty, judgment or 
common sense, and good health. Plenty of men who possess 
only three of the above qualities can be hired at any time for 
laborers' wages. Add four of these qualities together and 
you get a higher priced man. The man combining five of these 
qualities begins to be hard to find, and those with six, seven, 
and eight are almost impossible to get. 

Mr. Taylor reviews the things which an ordinary fore- 
man is supposed to do and finds them so complex that 
he abandons altogether the old system of having all sides 
of a workman's activities directed by one person. He 
substitutes for it a system of eight bosses, eight func- 
tional foremen, who each have only a few things to look 
after. Four of these bosses are on hand in the shop. 

1 " Shop Management," in Transactions, vol. xxiv, p. 1390. 

2 Ibid., p. 1389- 
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" The gang boss has charge of the preparation of all work 
up to the time that the piece is set in the machine." * 
Matters connected with the assignment of tasks, the 
supplying of jigs, templets, drawings, etc., and the accu- 
rate and rapid setting of work are his peculiar function. 
The province of the speed boss begins after the piece is 
in the lathe or planer, and ends when the actual machin- 
ing is done. It is his duty to see that the proper tools 
are chosen, that the cuts are started in the right place, 
that the best speeds, feeds, and depths of cut are used. 
The functions of the inspector are self-explanatory. 2 
" The repair boss sees that each workman keeps his 
machine clean, free from rust and scratches, and that he 
oils and treats it properly," etc. 

Four other bosses are in the planning room, but they 
nevertheless come in direct contact with the work of 
each machinist, mainly through writing. The order ot 
work or route clerk makes out daily lists covering " the 
exact order in which the work is to be done by each 
class of machines or men." The instruction card clerk, 
by means of the instruction card, transmits to the man 
at the machine, not only all necessary details as to the 
specifications for the work, but also such data, drawn 
from the files in the office, as may suggest the most 
efficient methods of operation. The time and cost clerk 
gives to the men, also by means of the instruction card, 
such information as they should have concerning time 
and rates, and secures from them proper returns for the 
office records. The shop disciplinarian, " in case of in- 
subordination or impudence, repeated failure to do their 

1 Transactions, loc. cit., p. 1392. 

2 In more recent years, at least, the inspector under scientific manage- 
ment has been- entrusted with the teaching of workman as to how they 
may attain to necessary standards. 
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duty, lateness or unexcused absence, . . . takes the work- 
men or bosses in hand and applies the proper remedy, 
and sees that a complete record of each man's virtues 
and defects is kept." He should have much to do with 
readjusting wages ; one of his important functions should 
be that of peacemaker. 1 

While scientific management necessarily involves a 
growth in shop organization, it is claimed by some that 
no more men are actually required — at least in the long 
run. It should be pointed out again that the apparent 
enlargement in organization consists principally in the 
bringing together in an office, or under a few men, of 
executive work which was before widely scattered. It 
should also be explained that the eight functionaries 
whose work is described above are not always separate 
men. Several functions may on occasion be entrusted 
to one person. 

We shall see in a later chapter that the precise ar- 
rangement here outlined has been the object of consider- 
able dispute, and that some of the derivative efficiency 
systems organize their planning rooms after a somewhat 
different method. Of this much there can be no doubt, 
however, that the introduction of scientific management 
always involves some sort of internal rearrangement by 
which division of labor and specialization of skill are 
pushed further than before, both as regards the work of 
the shop and that of the management. 

3. SCIENTIFIC MANAGEMENT IN ADJUSTMENT 

For some dozen years after the publication of "Shop 
Management," the principles of scientific management 

1 Functional foremanship has been described here in the terms of 
the metal cutting shop. Its application to other industries would be 
attended by considerable alteration in detail, but perhaps little change 
in essential principle. 
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remained substantially unaltered. There were indeed 
great changes; but each of the developments of this 
period might be characterized as either a new emphasis 
on, or a more perfect working-out of, some one or 
another of the old ideas. 

But from about 1915 on, there began to be clear evi- 
dence that Taylor's earlier formulation of principles had 
not been complete, fin 1915 and 1916, there came to a 
successful head the long brewing opposition of organized 
labor. '^And in 1917, the thought of the world was pro- 
foundly modified by the Russian Revolution, and also by 
the program which America announced upon entering 
the war. 1 These events, however, simply served to bring 
to the attention of all a movement with whose import- 
ance the observant had for some time been familiar. 
The fact is, there now seems to be a general agreement 
that the great outstanding movement of our time is to 
be the development of what is known as democracy. 

/An enumeration of the principles of scientific manage- 
ment would at this date no longer be complete without 
reference to the lines along which the philosophy of the 
system is being reconstructed to conform to this new 
democratic conception, j For it hardly needs to be said 
that when the Taylor movement first started about 1880 
the aims of industry were quite different from those 
which are likely to be acknowledged in the future 
Profits, maximum production, autocratic control — what 
other goals could there then be? The topic of this 
section is therefore the problem as to how a method of 
management, which originated as a sort of refined em- 
ployer's weapon, has become turned about so that it 
now promises to serve the ends of a world and a work- 
ing class set free. How has scientific management be- 
come consistent not only with the interests of employers , 
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but also with the largest human welfare ? How may it 
be made to further not only the production of goods, 
but also the largest development of human personality, 
and the most direct augmentation of human happiness — 
not only in the world at large, but in the shop and at 
the machine? 

The first signs of transformation in scientific manage- 
ment, as yet largely unconscious, may be noted as early 
as a decade and a half ago. Although the ideals of 
management were everywhere still those of absolutism, \ 
it was found that sympathetic leadership was more 
efficient than driving. In the course of time it was also 
discovered that the spirit of the system made for a mel- 
lowing of authority. True there is more actual control 
under scientific management than under the older military 
system. But the new authority is supposed to be that 
of science, of truth. And science is incompatible with 
arbitrary bossing. The men as well as the management 
have a certain share in forcing conformity to the law 
under this arrangement. It also seems reasonable to 
expect that when industrial leadership finally settles 
down to a consistent search for the best methods of 
doing everything, this situation will in itself raise every 
thinking man among employees to a position of some 
dignity. Furthermore the removal of the interruptions 
and annoyances which characterize the work of an un- 
systematized plant make for more pleasant relationships ; 
while adherence to a well planned, honestly administered, 
and liberal wage system without a doubt promotes 
harmony. 

Taylor early observed, and to some extent planned 
for, these shop transformations which took place under 
his system. And in the course of time they gained a 
strong grip upon his sympathy and imagination. From 
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the first he had possessed an essentially frank and prac- 
tically helpful shop attitude, and ultimately he was to 
say that it was the improved personal relationships 
which really constituted the essence of his system. The 
"mental revolution" became the all-important fact. 
Taylor's original aim, however, would seem to have been 
a revolution in the mechanical rather than the human or 
social aspects of shop organization. And it would seem 
that it is only now that the drive for democracy has be- 
come world-wide and successful, so as to shake the 
foundations of the older order, that the leaders in scien- 
tific management thought have actually started con- 
sciously to formulate the social and democratic bearings 
of their system. 

As a first sign that scientific management is democra- 
tizing and socializing its principles we may observe the 
growing inclination of the consulting engineers to pro- 
test against industrial control by the powers of finance, 
especially in the case of absentee stockholders. Henry 
L. Gantt is the active sponsor for an organized move- 
ment along this line. A second noteworthy development 
is the attention which the more advanced scientific man- 
agers are giving to the social life and the organization of 
public opinion in their works. This movement is most 
noticeable in the Clothcraft Shops, of Cleveland 1 and 
in the plant of the German-American Button Company, 
of Rochester. A third and even more important line of 
progress has consisted in the movement towards coordi- 
nating the efficiency ideal of individual leadership, with 
the democratic conception of group control. 

This last tendency is particularly well illustrated in the 
work and writings of Morris L. Cooke. In his reason- 

1 See infra, pp. 160-162. 
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ing, 1 Mr. Cooke agrees with the late Robert G. Valen- 
tine that in general " the days of compulsion — the days 
of service without consent — are over." He thinks, how- 
ever, that it should be possible to develop an industrial 
system that would be essentially democratic, and at the 
same time very efficient. 

Efficiency, Cooke believes, is the result mainly of what 
he calls individualistic leadership. In these days when 
the discoveries of science outrun man's capacity for as- 
similation, when the different operations in every in- 
dustry run into the hundreds of thousands, group initia- 
tion or approval of every move is unthinkable. We 
recognize in our political thinking the desirability of a 
partial return at least to administrative individualism, as 
shown, for instance, by the movements for the short 
ballot, the city manager, longer terms for administrative 
officials, and, in general, for centralized responsibility. 
We are beginning to agree that in politics efficiency 
comes through giving authority to individuals and re- 
quiring performance of them. 

But not only must we have individualistic leadership; 
there must be at the same time a growth of originative 
force and self-direction on the part of subordinates. 
Cooke's solution of this fundamental problem is summed 
up in his statement that instructions must give place 
largely to instructing. To quote : 

Now if you make a practice of never issuing orders as such, 
[you are compelled] to keep your man convinced. The result 
is, your associates in practice actually carry out what has be- 
come their own purpose as well as yours. You undoubtedly 
lose here and there — especially in the matter of military pre- 
cision. But your gains are infinitely greater than your losses. 

1 "Who is Boss in Your Shop?", Annals of the American Academy 
of Political and Social Science, May, 1017. 
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Notice is given to your associates that you do not mind being 
shown wherein you are mistaken and do not expect anyone 
to do the foolish or inefficient or dishonest thing simply because 
it was your order or he thought it was your order to do it. So 
commands make way for orders, and orders for instructions 
and instructions for information for employees. 

" Even in military affairs," Mr. Cooke holds, " it begins 
to look as if we would hear less about the martinet and 
more of the man with genuine knowledge, imagination 
and enthusiasm .... Industry and government to-day 
can have in them adventure and romance — in fact must 
include both ..." 

The most difficult problem, however, is the question 
as to how scientific management can be brought under 
democratic control, how the policies of the leaders can 
when necessary be made subject to collective pressure. 
This task of erecting a popular sovereignty over an in- 
dependent and initiating leadership Mr. Cooke would 
approach by insisting that it is the business of the 
leader to bid for and capture the support oE his consti- 
tuency. 

The day has gone by when a leader of men can afford to neg- 
lect any opportunity of getting himself and his work placed 
fairly before his public. ... It is not enough for the officer 
of a company or the superintendent of a shop to be honest, 
active and able. He must make his associates know this. He 
must keep his constituency convinced and with an ample factor 
of safety. If we are to have cooperation we must have gen- 
uine, relentless publicity affecting every relation . . . Self- 
revealment, incessant and studied, but above all true to the 
facts — has become the great moving force. 

Thus we may have leadership without autocracy, and 
a public which is educated and. in a position to pass 
judgment upon official acts. 
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To summarize, efficiency will be obtained if the public 
will allow to every man of intelligence, whether he be at 
the top, or near the bottom, a large measure of power 
in those special fields where he is expert. Democratic 
control will be safe when the man who wishes to stay in 
power must make it a duty to convince and lead the 
public, — as well as his subordinates. It is the function 
of the leader to originate and initiate ; that of the public 
to acquiesce intelligently — or, if necessary, remove from 
power. While popular sovereignty is supreme, the 
educated good sense of the people will, of course, frown 
upon any undue or too frequent interference with the 
administration. 

Such would seem to be at least a part of the program 
by which the devices of scientific management may be 
expected to adjust themselves to democratic purposes. 
Other aspects of this same problem will be discussed in 
Chapters VII and VIII. 1 

1 I have further discussed this general subject, first in " Democracy 
as a Factor in Industrial Efficiency," Annals of the American Academy 
of Political and Social Science, May, 1916, and later in " Scientific Man- 
agement and Progress/' a paper read before the Congress of Human 
Engineering, Ohio State University, October 28, 1916, and published in 
the proceedings of the congress, and also in the Bulletin of the Taylor 
Society, November, 1916. 



CHAPTER IV 

LIVES OF THE LEADERS 

Including Certain Contributions to the Enrich- 
ment of Scientific Management 

i. frederick winslow taylor 

So much has already been said in regard to the founder 
of scientific management that we will here content our- 
selves with presenting little more than a summary of his 
life. Frederick Winslow, son of Franklin and Emily 
(Winslow) Taylor, was born March 20, 1856, at German- 
town, Philadelphia. He received part of his primary edu- 
cation in France, Germany, and Italy, 1 and was pre- 
pared for Harvard at Philips Exeter Academy (where his 
instructor in mathematics was George A. Wentworth, the 
author of many well-known textbooks). Impaired eye- 
sight, however, changed his educational plans, and during 
four years of his youth he served apprenticeships as a 
pattern maker and as a machinist, in a small pump works 
at Philadelphia. 

When, at the age of 2,2, he was ready to practice his 
trade, the depression still lingering from the panic of 1873 
compelled him to start as a laborer. Thus was begun an 
eleven year's employment in the works of the Midvale 
Steel Company, during which Taylor was rapidly pro- 
moted. From 1878 to 1880 he served as laborer, clerk, 

1 He was abroad for three years and a half, and attended schools in 
Paris. Berlin, Stuttgart, and Italy. 

98 [372 
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and (for about two months) journeyman machinist; from 
1880 to 1882 as gang boss; from 1882 until the time of 
his leaving in 1889, as foreman, chief draughtsman, and 
finally (having taken the degree of Mechanical Engineer 
from the Stevens Institute of Technology in 1883), as 
chief engineer. It was when Taylor became gang boss in 
1880 that he first determined to discover, by scientific 
methods, how long it should take men to perform each 
given piece of work; and it was in the fall of 1882, shortly 
after he had been elevated to the position of foreman, that 
he started to put the first features of scientific management 
into operation. 

In 1889 Mr. Taylor decided to apply his ideas in a wider 
field. For three years he served a corporation operating 
large pulp mills in Maine, and then attempted in various 
parts of the country a reorganization of industrial plants. 
This involved a variety of manufacturing, structural, and 
engineering work; but his most celebrated undertakings 
were in connection with the plant of the Bethlehem Steel 
Company between 1898 and 1901. In 1901, Mr. Taylor's 
possession of a fortune enabled him to retire from work 
for pay; 1 but it was only to give himself more completely 
to the cause of scientific management. Thus he testified 2 
that, since 1901, in giving assistance to friends who desired 
to improve their own or the plants of others, he had " spent 
more than one-third " of his income, and given his " whole 
personal time " — this without any money compensation, 
direct or remote. Especially as adviser of and owner of 
a small interest in the Tabor Manufacturing Company, 
and as a consultant for the Link-Belt Company, has he 

1 Hearings before Special Committee of the House of Representa- 
tives to Investigate the Taylor and Other Systems of Shop Manage- 
ment, p. 1507. 

2 Ibid., p. 1490. 
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had a hand in the creation of what is regarded as the high- 
est development of scientific management. 

Mr. Taylor has taken out about one hundred patents, his 
greatest invention being the discovery between 1898 and 
1900, jointly with Mr. Maunsel White, of the Taylor-White 
process of treating tungsten steel. This invention, accord- 
ing to the highest authorities, has revolutionized the machine 
shops of the world, enabling tools to cut metal at least three 
times as rapidly as before. The inventors received $100,- 
000 for the English patents alone. Fame again came to 
Mr. Taylor upon his publication, in 1906, of the results of 
the extended researches of himself and others in the art 
of cutting metals 1 — a work of genuine scientific character, 
and of the highest practical importance. Mr. Taylor, how- 
ever, regarded as of far greater moment than all this other 
work his share in the discovery of the principles of scien- 
tific management. 

Among the honors which have beeen conferred upon 
Taylor are a gold medal from the Paris Exposition of 
1900, the presidency of the American Society of Mechan- 
ical Engineers during 1906, and the degree of Doctor of 
Science from the University of Pennsylvania, also in 1906. 2 
In January, 1912, he stated that he was then receiving, 
from all parts of the country, invitations to make addresses 
at the rate of one a day. His Principles of Scientific Man- 
agement has been translated into French, German, Dutch, 
Danish, Swedish, Lettisch, Italian, Chinese, Japanese, and 
Mexican; his " Shop Management" into French, German, 
Dutch, and Russian. 

Mr. Taylor died March 21, 1915, just after passing his 

1 " On the Art of Cutting Metals," in Transactions of the American 
Society of Mechanical Engineers, vol. xxviii. 

2 He received the degree of doctor of laws from Hobart College, 
in 1912. 
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fifty-ninth birthday. The physical fitness that once won 
him a national tennis championship, and the mental stamina 
and bulldog tenacity with which he always held to an idea 
which he had decided to pursue, were mellowed and broad- 
ened with the passing years into those genial qualities of 
host and friend that made the Taylor home at Chestnut 
Hill, Philadelphia, a delightful Mecca for those interested 
in scientific management, and Mr. Taylor himself the elder 
among a group of loyal followers. 1 His death was felt as 
a personal bereavement by a large circle of friends as well 
as a great loss to the cause which he so ably and so unself- 
ishly served. 2 

1 Many who recognize the bigness of Taylor's service view unfavor- 
ably some aspects of his methods. They complain that he would not 
relax at all from one original plan, but insisted that a shop be reor- 
ganized in every detail according to a prolonged and complicated pro- 
gram. Furthermore, the thoroughness of his reform had to include 
the timing of operations in units much more refined than most other 
efficiency men attempt. For these reasons, and because he retired from 
regular practice as early as 1901, critics and even friends insist that 
Taylor has himself accomplished' far less than various followers who 
have caught his spirit but revised his methods. This assertion, how- 
ever, they rarely intend as a reflection on Taylor's leadership, as many 
efficiency engineers only remotely connected with the Taylor following 
are ready to admit that, if it had not been for Taylor's example, they 
would probably not be found in their present line of work. 

s Among Mr. Taylor's chief writings may be enumerated the fol- 
lowing papers read before the American Society of Mechanical En- 
gineers: "A Piece-Rate System" (1895); "Shop Management'" 
(1903) ; "On the Art of Cutting Metals" (1906). With S. E. Thomp- 
son, he has written Concrete, Plain and Reinforced (1905), and Con- 
crete Costs (1911). His philosophy is, however, best expressed in 
The Principles of Scientific Management (1911). His system is also 
explained in contributions to the periodicals; in numerous addresses; 
in testimony before the special House committee which investigated 
scientific management (1911-12) ; and in testimony before the Indus- 
trial Relations Commission (April, 1914). 
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2. HENRY L. GANTT 

Henry L. Gantt, who was five years younger than Taylor, 
graduated from Johns Hopkins University with the degree 
of A. B. in 1880; taught school for the following three 
years; and, in 1884, secured his M. E. from Stevens Insti- 
tute of Technology. His first important work was for the 
Midvale Steel Company, where he remained six years. 1 It 
was here that (in 1887) he first came in contact with the 
methods of scientific management, being employed for a 
year and a half under the direction of Mr. Taylor. His 
task was to find some means by which the laws governing 
the cutting of metals might be quickly applied to the prac- 
tical work of the machine shop. The solution then dis- 
covered was only moderately satisfactory; but the incident 
meant much for scientific management, for from 1887 
until the present day Mr. Gantt has, with few interrup- 
tions, spent all of his time in the service of this system. 

Gantt's contact with Taylor was cut short in the eighties, 
and was only intermittent in the varied work of the next ten 
years. It was renewed again in the completest manner when 
in March, 1899, Taylor had Gantt called to Bethlehem. In 
1899 one of Gantt's undertakings at Bethlehem was the 
development of a rough type of slide rule. A few months 
later Carl G. Barth so perfected this device that it could 
solve with remarkable ease the problem which in the eighties 
Gantt had by himself only partially mastered. The main 
credit for the slide rule belongs, however, to Barth ; Gantt 
regards as his own greatest achievement of this period the 
development of " Task Work with a Bonus." 

The story runs that, after about two years of careful 
investigation in the machine shop at Bethlehem and the 
gradual adoption of many notable improvements, it was 

1 1887 to 1893. 
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evident that operations could be performed a great deal 
faster than the men had as yet been induced to work. But 
the management hesitated to force production up to the 
then possible standard through the introduction of the dif- 
ferential rate, for this would mean the establishment, upon 
the basis of imperfect methods, of piece rates which could 
never be cut. They wished first to carry the process of 
improvement somewhat further. Accordingly, as a tem- 
porary expedient, Mr. Gantt, on March 11, 1901, proposed 
that the establishment offer a daily bonus of fifty cents to 
whoever should perform all the tasks set down on his in- 
struction card — thus substituting a very flexible standard 
of work for the rigid piecework system. 

Mr. Gantt lays considerable stress on a supplementary 
feature adopted at the suggestion of the machine shop 
superintendent, Mr. Earle, by which the boss is paid a small 
bonus for each of his men who earns a bonus. In addi- 
tion, a second bonus is given if every one of the sub- 
ordinates is successful. These devices are designed to 
make the boss especially vigilant in removing difficulties 
from the paths of the weaker men. 

The task and bonus system was put into operation at 
Bethlehem immediately after its suggestion, and worked so 
well that no changes had been made up to the time when 
Mr. Gantt left the plant in August, 1901. In the winter and 
spring of 1902, however, Gantt developed for the American 
Locomotive Company an amended bonus system, which 
was designed for permanent use. It was made to offer not 
only a reward for the completion of the task in the allotted 
time, but also an additional inducement to those who were 
able to do still better. It consisted in giving to all workers 
their day rate, but to the men who finished their tasks in 
the time set or less, pay for the number of hours allotted 
plus a certain percentage of that time (for instance, for a 
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three hours' task, four hours' pay), — this same number 
of hours pay to be always given for work, whether fin- 
ished in standard time or less. Thus the system is, for the 
man who is accustomed to perform his tasks or more, the 
exact equivalent of piecework. 

The bonus system — whether it be of the original type 
(designed only for temporary use) or of the amended 
variety (suited to become a part of the permanent system)' 
— is like the differential rate system in this, that they both 
make a complete study of the possibilities of work, and 
then give the man who performs a good day's task a higher 
rate of pay than is customary in the trade. The original 
type of bonus differs from the differential rate in that the 
former involves no creation of unalterable piece rates. The 
amended bonus system is more flexible than the differential 
rate, in that if it be so desired different men can be allowed 
varying amounts of pay for the same work — by simply 
basing their remuneration on higher or lower day rates. 1 
Both the new varieties depart from the old path in that 
they give the regular day's pay to learners and others who 
fall short of the standard. The task and bonus system was 
at once recognized as valuable, and at the present time is 
more commonly used than the differential rate. 2 

Since leaving the employ of the Bethlehem Steel Com- 
pany Mr. Gantt has been engaged in the profession of con- 
sulting engineer. A partial list of the plants in which he 

1 This is almost (though not quite) as true of the plan which Mr. 
Gantt first proposed. 

2 Gantt regards the task and bonus system as essentially superior to 
the differential rate, claiming that the latter is a penalizing system, and 
that the world has passed beyond the point where it will permit such 
a thing. Others, however, say that Taylor's lower rate does not really 
penalize; but that it is superior to the bonus system, especially when 
work is scarce. Under the bonus system the workman is said at such 
times to show a tendency to "nurse" his job, preferring day wages 
for a longer period to high pay for a shorter period. 
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has done more or less work would include the American 
Locomotive Company, the Canadian Pacific Railway, the 
Sayle's Bleacheries, the works of Joseph Bancroft at 
Wilmington, the Brighton Mills, the Cheney Silk Mills, and 
the Westinghouse Electric Company. His greatest achieve- 
ment thus far has been in the plant of the Remington Type- 
writer Company. It should be said that in very few of 
these plants has Mr. Gantt installed his system in its entirety, 
and that in many of them his work was done at a period 
when he had not developed his own ideas as completely as 
he has at present. 1 

We have seen that Gantt's greatest contribution to the 
method of scientific management is a very mild and easily 
introduced wage system, and that he has had unusually 
wide experience in reorganizing factories (the number and 
importance of which the above list only suggests). The 
key to his success is a disposition to adjust his course to 
the practical aspects of whatever situation confronts him. 
Mr. Gantt regards every factory as a law unto itself.. 
His idea of scientific management is not that of one mold, 
which all factory organizations must be warped to fit; but 
as he sees it, there are as many distinct scientific manage- 
ments as there are different shops. By many who ought to 
know, Gantt is regarded as the strongest man in the scien- 
tific management movement. He is said to be the man 
who is getting results. 2 

1 Considerable interest has been shown in scientific management's 
early— though only partial — installation in the works of the Symonds 
Rolling Machine Company, where Mr. Gantt was at the time superin- 
tendent. See supra, p. 82; and infra, p. 138. 

2 Mr. Gantt's leading works are: "A Bonus System for Rewarding 
Labor" (Dec, 1901), "A Graphical Daily Balance in Manufacture" 
(1903), and "Training of Workmen" (1908) — the three foregoing being 
found in the Transactions of the American Society of Mechanical En- 
gineers; his books, Work, Wages and Profits (1910 and new editions), 
and Industrial Leadership (1916) ; and various periodical contributions.- 
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3. CARL G. BARTH 

Carl G. Barth, though perhaps a few months the senior 
of Gantt, and an acquaintance of. Taylor since the middle 
eighties, did not come into actual touch with scientific 
management until 1899. His earlier training was acquired 
in his native Norway, and consisted of the equivalent of a 
high school education, followed by a technical course last- 
ing a year and a half; and then four years practical ex- 
perience, of which the first two were spent as an apprentice 
in the navy yard boiler and machine shops, and the second 
two in teaching mathematics and mechanical drawing, in- 
terspersed for a time with service in the office of the super- 
intendent of the yards. 

As a youth of about twenty-one, Barth emigrated to 
America, and found employment in the drawing-room of 
William Sellers & Company, of Philadelphia. With this 
concern he remained (excepting a short intermission) for 
fourteen successive years, at the end of which period he 
was occupying the position of chief designer. During most 
of this time Barth had been devoting his odd hours to teach- 
ing ; for six years meeting mechanical drawing classes at the 
Franklin Institute on some evenings of the week and private 
pupils in mathematics on the others and then for two years 
conducting a private evening school of his own. But now a 
taste for a career as a professor of engineering was rapidly 
developing ; and in order to equip himself for such a posi- 
tion, Barth first gave up evening work for pay, that he 
might improve his knowledge of engineering subjects. 
Shortly afterwards (in 1895) he left William Sellers & 
Company to accept the modest offer of a St. Louis con- 
cern, 1 which would give experience in designing engines. 
After two years of rather versatile service here, and then 

1 The Rankin and Fritch Foundry and Machine Company. 
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three months spent in designing special machines for the 
St. Louis Water Commission, he was identified with the 
International Correspondence Schools for about a year and 
a half, and with the manual training and mathematical 
work of the Ethical Culture Schools of New York for a 
school year of nine months. 

In June, 1899, Taylor sought to avail himself of this 
technical equipment by bringing Barth to Bethlehem " to 
effect a more satisfactory solution for the mathematical 
problems connected with the art of cutting metals and its 
application to the every-day running of machine tools." 1 
Barth not only solved this difficult mathematical problem 
in a few months by the invention of the slide rule, an in- 
vention whose far-reaching importance we have set forth 
elsewhere, 2 but he was from the first put in charge of the 
machines doing Taylor's experimental work. When all this 
was over with, he was made machine shop engineer, and 
given the duty, among other things, of " reconstructing 
and respeeding, repairs, and maintenance of all machinery 
and tools in their large machine shop." 

Though Barth at this time " paid but little attention to 
the general management side " of scientific management, 
he was very much interested in those features of the sys- 
tem with which his work brought him in special contact. 
The result has been that, since leaving the employ of the 
Bethlehem Steel Company in 1901, he has " practically 
busied [him] self with nothing else" than introducing the 
Taylor system into factories; and though afterwards he 
broadened out until he understood every side of scientific 
management, he still remains particularly efficient in those 
elements which center about the manipulation of machine 

1 Quotations from testimony of Barth before special House com- 
mittee. 

2 See supra, pp. 75-77, and 102. 
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tools. According to Gantt, he is the most expert of the 
scientific management men in looking over and strengthen- 
ing the weak places in machines. According to Taylor, 1 
he is " the most accomplished of all the men engaged in 
this work "(installing the system as a whole), a man who 
has " made a greater success of introducing scientific 
management into the difficult companies than any other 
single man." 

After leaving Bethlehem, Barth spent fifteen months 
in the plant of his old employer, William Sellers & Company, 
experimenting with cutting tools. Here he developed his 
general formulae for the relations between depth of cut, feed, 
cutting speed, and shape and size of tool, etc., not only for 
cutting steel, but also for cast iron. This latter was pioneer 
work, Dr. Taylor not having attempted to work out formu- 
lae for cast iron. At William Sellers & Company Barth 
also made careful experiments on the relations of cutting 
pressure to depth of cut, feed, and shape and size of tool, the 
data available at Bethlehem and in earlier years on this sub- 
ject having been only rough approximations. Barth's orig- 
inal intention had been to use this work for the introduction 
of a slide rule system ; but a change having taken place in the 
management this was not done. 

Mr. Barth next spent four years and a half introducing 
scentific management into the plant of the Link-Belt Com- 
pany, where to begin with he had charge of only the mechan- 
ical features. After the first year, however, he was com- 
pelled to assume the burden of installing all the various sides 
of the system, — being enabled to do this through a certain 
amount of general and gratuitous direction on the part of 
Mr. Taylor. This superintendence was for a couple of 
years more or less regular, but later very limited. Simul- 

1 From correspondence dated Oct. 6, 1913. 
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taneously with the systematizing of the Link-Belt Company, 
Barth had charge of similar work in the plant of the Tabor 
Manufacturing Company, — also under the general guidance 
of Taylor. Here he had the valuable assistance during part 
of the time of H. K. Hathaway. The first job undertaken 
on Barth's own responsibility was at the Yale & Towne Man- 
ufacturing Company's plant, where scientific management 
was introduced in the one department (hoist) in which 
machine operations count for the most. Among other plants 
where Barth has installed more or less of what he loyally 
•calls the " Taylor System," are the Government Arsenal at 
Watertown, the Smith & Furbush Machine Company, of 
Philadelphia, the Universal Winding Company of Provi- 
dence, the H. H. Franklin Manufacturing Company, of 
Syracuse, and the Pullman Company, of Chicago. 

4. HORACE K. HATHAWAY 

While Gantt is praised as a manager, and Barth as a 
mathematician and master of mechanical equipment, to 
Horace K. Hathaway belongs, according to Taylor, the 
credit for being the best all-around man in the movement. 
Mr. Hathaway is sixteen or seventeen years the junior of 
the two men just mentioned, being at the time of writing 
about forty years old. He has no degree in engineering, 
but received his training during two years (1894-96) spent 
in a trade school (Williamson), and a year and a half spent 
as an apprentice with the Midvale Steel Company (1906-7). 
After completing his apprenticeship, he continued in the 
-employ of the Midvale Steel company until 1902. He 
served about six months as a journeyman machinist, and 
then worked up in the organization through the positions 
of draftsman, inspector, and gang boss, until he was fin- 
ally made foreman over all the tool making and tool keep- 
ing rooms in the plant. In 1902 he left Midvale to become 
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superintendent for the Payne Engine Company, a small 
concern, with which he remained for two years. 

It was immediately following this that, in 1904, Hath- 
away first came in contact with scientific management, 1 
through being detailed to assist Barth install the " Taylor 
System " in the Philadelphia plant of the Link-Belt Com- 
pany. This first assignment was, however, comparatively 
unimportant. After only two or three months, Hathaway 
was transferred from the Link-Belt plant, and placed with 
the Tabor Manufacturing Company — at the time also in 
charge of Barth. Here, as the years went by, he gave so 
good an account of himself that he eventually became the 
most important person about the works. As vice-president 
of the company, he brought the organization to so high a 
degree of perfection that the Tabor plant has come to be 
regarded as the finest example of the success of scientific 
management. Its productivity, it is said, has been multi- 
plied by three. 

In addition to his continued participation in the affairs of 
the Tabor Manufacturing Company, Hathaway has more 
recently taken on the profession of consulting engineer, 
with headquarters in Philadelphia. Among the plants 
in which he has installed scientific management are the 
Acme Wire Company and, in cooperation with Morris L. 
Cooke, the Plimpton Press. On the outbreak of war, Hath- 
away enlisted as a captain in the Ordnance Department, 
where he has since been engaged in very important work. 2 

1 Taylor had left Midvale seven years before Hathaway's coming, 
and the system there had remained in the rudimentary form which 
constituted the highest development of the eighties. 

2 A further characterization of the work of Hathaway need not be 
given here, since reference may be made to the reorganization of the 
Tabor Manufacturing Company as treated in the next chapter. 
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5. MORRIS L. COOKE 

The special importance of the work of Morris L. Cooke 
is derived from the fact that it marks an extension of scien- 
tific management into new fields. We will pass over with- 
out comment Cooke's life as a mechanical engineer, and 
even that part of his career which had to do with the in- 
troduction of scientific management into printing, 1 in order 
that we may come at once to the unique lines along which 
he has distinguished himself. 

The first of these undertakings grew out of the decision 
of the Carnegie Foundation for the Advancement of Teach- 
ing to get a man familiar with modern business manage- 
ment to estimate the cost and output of leading American 
universities. The man commissioned to make this study- 
was Cooke; the field selected for investigation comprised 
the various departments of physics; the institutions visited 
were Columbia, Harvard, Massachusetts Institute of Tech- 
nology, Toronto, Wisconsin, Haverford, Princeton, and 
Williams. Though Cooke's 134-page report, published in 
1 910, as Bulletin Number Five of the Carnegie Foundation, 
contains various valuable recommendations in regard to 
the strictly financial and business relations of the univer- 
sity, these cannot be discussed here. Our one interest at 
this time is in pointing out certain passages in which Cooke 
— who is a staunch Taylor man — tries to apply scientific 
management to the universities' central educational end. 

Corresponding roughly to what we have termed the first 
phase of scientific management — which means in industrial 
plants the apportioning of scientifically determined tasks 
among all the workers — Cooke has utilized a standard for 
gauging the productivity of the respective departments of 
physics. His unit of measurement is the student hour — 

1 In the Plimpton Press (with Hathaway), the Forbes Lithograph 
Company, and elsewhere. 
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that is, one hour spent by one student under direction — 
whether it be in the lecture or recitation room, or in the 
laboratory. The total output in student hours is easily ob- 
tained by multiplying the number of hours devoted to each 
course by the number of students registered therein, and 
then adding the products together. The unit cost of in- 
struction is calculated by dividing this total into the aggre- 
gate expense of the department. If desired, the student 
hour may be weighted, a lecture hour, for instance, counting 
as three where a laboratory hour would be valued as one. 
It is not claimed that this method furnishes complete data 
for deciding whether or not any particular work pays, as it 
does not take into account the value of the courses offered, 
or the relative quality of the instruction under different men 
or in various institutions; but Mr. Cooke does think 
that along with other considerations the exact cost of opera- 
tion per unit of output is worth knowing. 

Corresponding to the second phase of commercial scien- 
tific management, which aims to improve the methods of 
work, Mr. Cooke speaks with less hesitation. He regards 
as the cardinal principle in university administration the 
careful arrangement of the work so that the unusually able 
and highly valuable men who make up the ranks of pro- 
fessors may specialize in the important fields for which 
they are peculiarly qualified. Thus it seemed to him a great 
waste when, " during .the interviews which [he] had with 
college professors, he found them spending time in taking 
inventories, keeping track of appropriations, mimeograph- 
ing examination papers and handling routine correspond- 
ence " ; and he also finds fault with their being given the 
management of buildings. Part of this work could be 
delegated to clerks, and much of it could be done more 
efficiently by central administrative departments, that would 
look after special functions for the university as a whole. 
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A more radical suggestion is that the institution assist in 
the actual instruction; it is proposed that standard lecture 
notes be worked up by men specially commissioned for the 
purpose ; and that these be used as common tools by all lec- 
turers covering the subject. Such details as the more 
complete utilization of rooms, the placing of lecture halls 
used by large numbers of persons on the first floor (instead 
of museums), and the designing of buildings, come in for 
considerable attention. 

But the greatest stress of Cooke's report is on the organ- 
ization aspect. After reviewing the so-called one-man type 
of administration, which he finds is now in rare use, and 
criticizing the prevalent system of committee management, 
which he censures as giving too much autonomy to the de- 
partments and too little authority to either the president 
of the university or the department heads, Cooke offers as 
his leading suggestion for the improvement of academic 
efficiency the adoption of " functional management." In a 
machine shop, functional management means the appoint- 
ment of some eight bosses, each of whom looks after some 
special phase of the work; in a university, functional man- 
agement would mean the splitting-up of the manifold 
duties of administration — and perhaps even of instruction 
and student guidance — into some ten or a hundred func- 
tions, in each of which one person would be the supreme 
authority. To illustrate: we may take Cooke's extreme 
example of a case where he saw 

a single individual personally assume the direction of a large 
building including laboratories, machine shops, power plants, 
etc. ; maintain order and discipline among seven hundred at 
times boisterous spirits; direct and inspire the teaching force 
of a score of rather unusually able men; lecture on the most 
attenuated physical theories; keep in touch with a large body 
of graduates ; carry on research work, etc. 
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From such a man, overloaded with duties which he cannot 
possibly perform with efficiency, Cooke would take away 
all but a few functions — as he would also from committees 
in which management has been similarly centralized. A 
large part of the administrative work — such as purchasing, 
the supervision of buildings and grounds, registration, and 
even discipline — could be done for all the departments by 
central agencies — as a few, but not many, of the institu- 
tions studied had already begun to do; and the other func- 
tions could be divided up among the men of the depart- 
ment, segregating and safeguarding to each person that type 
of work for which he alone is perhaps best qualified. 

A second opportunity to- extend scientific management 
into new fields occurred when Mr. Cooke was made director 
of public works for Philadelphia under the reform admin- 
istration of Mayor Blankenburg. The magnitude of the 
engineering and business problems involved in the running 
of a great city is appreciated when it is noted that Mr. Cooke 
and his department were responsible for annual expenditures 
amounting to about $11,000,000. 

The result of the four years of this administration (1912- 
15) was to introduce into the Philadelphia government a 
spirit which, at least in its larger outlines, may be said to 
have been in harmony with that of scientific management. 
In the actual application of principles, however, the chief 
emphasis was upon policies and details which are somewhat 
different from those called for in factories, but which in the 
Philadelphia situation became the significant issues. The 
keynote of the administration, Mr. Cooke says, was the em- 
ployment of experts. During four years there were almost 
a hundred such, operating in different fields, and outside the 
routine organization of the department. A number of these 
experts were professors in the the University of Pennsyl- 
vania. Other persons say that an even more important 



389] LIVES OF THE LEADERS 115 

source of saving was the simple integrity and fearlessness of 
Mr. Cooke, which, as every one knows, was much needed 
in his city. To the writer, among the most interesting fea- 
tures of the administration was the skill with which the 
director aimed to create among city employees a sense of 
self respect and consciousness of public service, and among 
Philadelphia citizens an intelligent interest in public works. 

In numberless details the methods of Mr. Cooke were 
illuminating and even revolutionary. His report for 1914 
is a veritable mine of suggestions with regard to the con- 
duct of municipal affairs, while its aptly illustrated and re- 
freshingly readable pages deserve to set a new standard for 
governmental literature. He claimed at the end of his term 
that the operating and maintenance expenses of the depart- 
ment had been reduced by one million dollars a year, and 
that practically every feature of the work had been im- 
proved. 

While on the whole there was no reorganization of the 
Philadelphia government which could be likened at all closely 
to what takes place when the traditional Taylor system is 
introduced into a factory, there were some instances of the 
application of details of scientific management. Tasks were 
set, for example, for the cleaning of filter sands; and an 
annual expense of approximately $300,000 was reduced by 
ten per cent and upwards. 

When war was declared between the United States and 
Germany, Mr. Cooke tendered his services to the Govern- 
ment, and was soon helping to place other Taylor men in 
useful work. He is chairman of the Storage Committee of 
what is now known as the War Industries Board. While 
the methods which have been introduced must be reserved 
for full discussion until after the war, an indication of their 
general nature is contained in the next chapter. 1 

1 Infra, p. 167. 
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Among Cooke's other public activities have been a year 
and a half spent in reorganizing the administration of the 
American Society of Mechanical Engineers, and — prior to 
the war — the active directorship of the Utilities Bureau, in 
the formation of which he was largely instrumental. H° 
played an important part in making arrangements for the 
Tuck School Conference on Scientific Management, and has 
been very active in the development of the Taylor Society. 

Since the death of Dr. Taylor, Mr. Cooke has in fact held 
first place as the public man of the scientific management 
movement. He has been a leader, — both in organizing and 
strengthening the movement from within, and in introducing 
and interpreting the system to the public. Of recent years 
he has given special thought to two phases of management, 
first that of the human relations, and second that of the 
symbolizing and indexing of functions. His work in both 
of these fields, though that of the pioneer, is rich in promise, 
and merits an attention and study that unfortunately can not 
be given in this space. 1 

6. SANFORD E. THOMPSON 

Sanf ord E. Thompson, referred to by Taylor 2 as " per- 
haps the most experienced man in motion and time study 
in this country," was born in 1867, took the degree of S. B. 
in 1889, and since 1888 has been engaged in practical civil 
and mechanical engineering. In 1895 he started to co- 
operate with Taylor in some of the latter' s investigations, 
and in 1896 and the years following undertook in collabora- 
tion with Taylor an exhaustive study of the time required to 
do various work connected with the building trades. In 
six years he made a careful study of eight of the most impor- 

1 His views on indexing are those briefly referred to supra, p. 85. 
Part of his philosophy of management has been discussed on pp. 94-97. 

2 Principles of Scientific Management, p. 88. 
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tant: excavation, masonry, bricklaying (including sewer 
work and paving), carpentry, concrete and cement work, 
lathing and plastering, slating and roofing, and rock quarry- 
ing. 1 

Thompson's method was to split up jobs as a whole into 
separate operations, finding the time in hundredths of a 
minute for performing each operation. By stop watch 
analysis, for example, he determined the unit times for such 
operations as throwing a single shovelful of earth, filling a 
wheel barrow, walking one foot, driving one nail, placing one 
cleat, and doing a thousand other things. He then used 
mathematical formulas to combine the units on each par- 
ticular job. As a result, a contractor can estimate much 
more exactly than under the old system how much it will 
cost to complete a given work, and a foreman can gain an 
idea of the rate at which the men are working. 

While the prime object of this phase of Thompson's work 
was the effective handling of men and the accurate estima- 
tion of costs, his studies in the building trades have inciden- 
tally increased the efficiency of effort. 

In connection with the making of forms [in concrete con- 
struction], for example, it was found by time study that a 
certain type of hammer was better than any other. It was 
found that a certain method of erecting the forms was con- 
siderably cheaper than any other plan. It was found that the 
number and size of nails, which ordinarily varied with each 
individual carpenter, could be fixed by definite standards to 
avoid waste in time and materials. It was found that there 
were certain methods of handling the lumber which were 
cheaper than any other way. It was shown by actual figures 
how much saving could be accomplished by furnishing labor- 

1 Jointly with Taylor, Thompson has written : Concrete, Plain and 
Reinforced (1905 and later editions), and Concrete Costs (1911). 
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ers to do all of the heavy work so that the carpenters could 
stick to their job of carpentry. 1 

Thompson is credited by Taylor with having developed 
in the course of his studies implements for taking observa- 
tions which are in many respects the best in use. He was 
the man immediately in charge of the motion study analysis 
of bicycle ball inspection in the plant of the Symonds Roll- 
ing Machine Company. During the last few years his prac- 
tice has been extended to the complete installation of scien- 
tific management for construction companies and industrial 
plants. He has recently taken into partnership Mr. Wm. 
O. Lichtner, a former associate, and this firm has given 
special attention to the textile, button, printing, garment 
making and other manufacturing lines. Examples of their 
methods are the pulp and paper mills of the Eastern Manu- 
facturing Company at Bangor, Maine, and the Aberthaw 
Construction Company. 3 

7. FRANK B. GILBRETH 

Of Frank B. Gilbreth and Harrington Emerson — the 
last men whose work we will discuss in detail — it may be 
said that, with the possible exception of Frederick W. Tay- 
lor, they have been far more successful than any others in 
turning towards scientific management the interest of the 
general public. 8 

Gilbreth was born in 1868, graduated from the English 

1 Sanford E. Thompson, " Time-Study and Task Work," in Journal 
of Political Economy, May, 1913, p. 380. 

2 Thompson's methods in this later work are well described in a 
paper called " Development of Scientific Methods of Management in 
a Manufacturing Plant," prepared by himself and several associates 
for the May, 1917, meeting of the American Society of Mechanical 
Engineers. 

s The most successful of the scientific management men. Mr. Bran- 
deis' all-important role should not be forgotten. 
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High School of Boston in 1885, went into business, and in 
the course of time became established as a successful con- 
tracting engineer engaged in large-scale undertakings. It 
was not until about 1906 x that, having read Taylor's papers 
on " Shop Management " and " On the Art of Cutting 
Metals," and having conferred with their author personally, 
Gilbreth first became associated with scientific management. 

It should be noted, however, that from the time of his first 
entry into engineering work Gilbreth had been gradually 
tending in this direction. He tells us that his motion study is 
on record as early as 1885, and that in 1892 he received a sil- 
ver medal for devices reducing the fatigue and motions of the 
bricklayer. The study of the trades soon became a life in- 
terest; and, in particular, his reorganization of bricklaying 
was to win for him a national reputation. 

To present some of the more salient motion and fatigue 
saving features of the Gilbreth system of bricklaying, it 
may be noted in the first place that the obvious waste of 
making a man bend over, and then raise the weight of his 
body, every time he has to pick up a brick — a thousand 
times or more a day — was eliminated by arranging adjust- 
able scaffolds and so piling up the brick that there would 
be between the body of the workman, the height of the 
wall, and the height of the brick supply and mortar box, 
just that relation which would permit the easiest, most 
upright work. In the second place, there was taken away 
from the high-priced bricklayers and turned over to low- 
priced laborers the simple work of arranging the bricks 
with their top sides up. Gilbreth says that the top of a 
hand made brick is always a little wider and rougher than 
the bottom, and that under ordinary systems the bricklayer 
" flops " each brick over in his hand a time or two to make 

1 In July, 1910, Mr. Taylor spoke of the date as being " some four 
years " earlier. 
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sure which is the right side. This operation was elimi- 
nated under the new system, for the bricks were properly 
v arranged by the low-priced helpers on " packets " holding 
eighteen l each, so that they might be easily grabbed by 
the craftsman and inserted without examination into the 
wall. Thirdly, it may be noted that the mortar was tem- 
pered so carefully that the bricks could be thrust into place 
by a simple shove and without the usual tap of the trowel. 

In the above, as well as in many other ways, the work 
of bricklaying was so simplified that the eighteen motions 
formerly thought necessary to place a brick were reduced 
to four and a half, and indeed in one case to two. Those 
which remained were made as simple and effective as 
thorough study could make them. The final result was that 
Gilbreth's men, who had formerly worked to their limit to 
lay 1000 bricks a day, were able after a short period of in- 
struction to reach a daily output of 2,700. Gilbreth erected 
a number of buildings in accordance with this plan, and 
still holds patents covering several of the mechanical fea- 
tures. 

While most of these details had been worked out before 
Gilbreth became acquainted with Taylor, the finishing 
touches as to organization show the influence of scientific 
management. In his fully developed bricklaying system 
Gilbreth inserted a provision by which the number of bricks 
laid by each man could be easily counted, and provided that 
those individuals who should come up to a certain high 
standard should receive wages twenty-five or thirty per cent 
higher than those common among bricklayers in the vicinity. 
Gilbreth was also led by Taylor to pay more attention to 
f unctionalization, and to his original interest in motion study 
he now added task determination and an increased attention 
to standardization. 

1 Eighteen bricks weigh about ninety-two pounds, which, it was dis- 
covered at Bethlehem, constitute a laborer's most efficient load. 
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Not long after the perfection of the bricklaying system 
Gilbreth abandoned the contracting business altogether, and 
turned his entire energy towards introducing scientific man- 
agement into factories. The best example of what he has 
accomplished along this line is afforded by the New England 
Butt Company, a concern engaged in the manufacture of 
braiding, rope-making, and insulated wire machinery at 
Providence, Rhode Island. The system there installed may 
be said to be much like that in use in the plant of the Tabor 
Manufacturing Company, differing from the latter chiefly in 
the greater attention that has been given to contriving many 
small conveniences which lighten the work. We need, 
therefore, not describe Gilbreth's methods in detail, but 
will present only those features which are his own distinct 
contribution to management technique. He has made sev- 
eral notable contributions, of which the first is micro-motion 
study. 

Prior to the introduction of micro-motion study the best 
instrument available for timing motions was the stop watch. 
But there is a certain limit of refinement beyond which it 
is impossible to split up motions by this method. By timing 
a repeated sequence, so that first one group of motions is 
included and then another, it is indeed possible to obtain 
accurate records of intervals of time, too fleeting to be 
measured by themselves. Nevertheless, the system is not 
convenient for the effective analysis^ of such operations as, 
for instance, the folding of a handkerchief. Accordingly, 
for work of this character Gilbreth uses a motion picture 
apparatus, including in the field of vision a large-faced 
clock, the rapid movements of whose hands record very 
minute subdivisions of a minute. Behind the subject is a 
network of lines spaced at regular distances as on a cross- 
section paper, against which as a background the dimen- 
sions of a motion can be read off. After the record has 



122 SCIENTIFIC MANAGEMENT [396 

been obtained, it is possible to go over the film with a mag- 
nifying-glass, or project the picture on a screen, and decide at 
leisure just how long and over exactly what space exceed- 
ingly rapid motions have extended. Thus even in the case 
of the nimblest work, the. micro-motion study expert can 
detect false motions, and tell the worker which of his var- 
ious ways of working are the most efficient. 

By another invention of Gilbreth's, also tried out at the 
New England Butt Company's plant, a record of the path 
of a motion is made on a photographic plate by fastening 
a small electric bulb on the subject's finger. By using a 
stereoscopic camera, space in three dimensions is shown; 
by making the bulb flash light only at regular intervals, the 
path becomes a succession of dots, which indicate the time 
consumed. 

Gilbreth makes large use of micro-motion study analysis, 
not only because of its greater refinement, but because of sev- 
eral other advantages which he claims for it over the stop 
watch method. The pictures, he argues, are a complete rec- 
ord — at least as far as vision is concerned — of all the condi- 
tions surrounding the work. The data obtained, he says, is 
absolutely exact, and if need be can be checked up by refer- 
ence to the actual pictures. The materials and results can 
furthermore be interpreted and used by anyone just as effec- 
tively as by the person who made the original studies. Meth- 
ods of work can be transferred from one place to another or 
from one individual to another by actual demonstration. 
Groups of persons can sit before the screen and criticize the 
technique of a job, creating by synthesis the one best method. 
Time study is no longer a mystery, but its results can be in- 
telligently criticized and checked up by the men themselves. 
And finally, there is a legal advantage in basing the bonus 
or other wage agreement upon methods which are a matter of 
record. 
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On the other hand, the method would seem to involve a 
considerable amount of expense, not only in films, but also in 
equipment. Mr. Gilbreth, it is true, claims that by using a 
mask he can take from sixteen to a hundred pictures upon a 
square of film which would ordinarily be used for but one. 
The reproduction of these pictures would be large enough 
for time study purposes. Yet, as a matter of fact, he himself 
always takes the views full size, for only then are they of 
maximum educational utility. Gilbreth practices a division 
of labor by which lower-priced helpers examine the films, 
and work out the times, relieving skilled experts of much 
time study drudgery. 

In the development of his later thought, as well as in 
the writing of many of his papers, Mr. Gilbreth has been 
aided by his wife, Lillian Moller Gilbreth. Mrs. Gilbreth is 
largely responsible for the deepening of her husband's in- 
terest in what they term the psychology of management. 1 
Gilbreth is interested not only in discovering the fewest, 
shortest, and least fatiguing motions with which work can 
be done, but he is also interested in training men to think 
and act in terms of motions. Accordingly, he lays emphasis 
on education and educational methods, on the suggestion 
system, on what he calls the three position plan of promo- 
tion, 2 on the executives' theater (for studying films), on 
the scientific classification of men, and on what he calls the 
theory of notification. He makes large use of charts and 
models of various kinds. 

Gilbreth has a number of carefully equipped laboratories, 
both in plants of his clients, and near his own home. His 
work is characterized by a zeal for precise measurement, for 

1 ,See L. M. Gilbreth, The Psychology of Management (1914). 

2 See F. B. Gilbreth and L. M. Gilbreth, " The Three Position Plan 
of Promotion," Annals of the American Academy of Political and 
Social Science, May, 1916. 
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permanent and transferable record, and for the re-examina- 
tion of established standards, devices, and methods. He is 
keen at logical analysis and classification, and diligent in the 
study of the basis of work in human physiology and psychol- 
ogy. By these tokens and because they have brought a 
wide range of phenomena under examination — the Gilbreths 
show that they possess a high degree of scientific spirit and 
attainment. Though a great deal of criticism has been lev- 
eled against this or that device or policy — and possibly some- 
times with reason — it is evident that as industrial manage- 
ment goes more and more to the bottom of things it will be- 
come increasingly necessary and profitable to use refined 
methods. 

'Among Gilbreth's works are his Field System 1 901 -1904- 
1908), Concrete System (1908), Bricklaying System 
(1909), Motion Study (1911), Primer of Scientific Man- 
agement (1912), Fatigue Study (1916), Applied Motion 
Study (1917), the latter two with Lillian Moller Gilbreth — • 
and numerous papers read before engineering and other 
societies. His important subsidiary interests have included 
the micro-motion study analysis of surgical operations, and 
his more recent and very timely activity in behalf of crippled 
soldiers. 1 He is now a major in the United . States En- 
gineers' Corps. 

8. HARRINGTON EMERSON 

In the case of each of the men whom we have thus far 
considered, the main impulse along the path of scientific 
management came without question directly from Frederick 
Winslow Taylor. When, however, we come to the career 
of Harrington Emerson, we pass from the immediate Taylor 
group, and find ourselves in the presence of a man who has 
been under more complex influences. 

1 Soon after the start of the European War, 'Gilbreth, who had been 
in Germany at the time, began to investigate possible trades or em- 
ployments for the crippled. 
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Harrington Emerson, the son of a professor of political 
economy, was born in Trenton, New Jersey, but spent his 
youth in Europe. It is to French character, and to German 
military efficiency as evidenced before his eyes in the con- 
duct of the Franco-Prussian war, that Emerson attributes 
his strongest ideal — the setting up of standards. His ad- 
miration for systematic method and perfect cooperation 
was further strengthened by studies under a European 
music teacher (a musician from the royal orchestra), by 
observation of the remarkable results obtained by breeders 
of fine horses, and by contact with A. B. Smith, a skilful 
railroad surveyor. 

Emerson's earlier efforts in the field of systematizing 
management were in organizing and standardizing one of 
the new western state universities, of which for six years he 
was registrar, secretary of the faculty, and head of a de- 
partment. It was not until some years after this that he 
entered the profession of reorganizing industrial plants. 
He tells us that in 1895 he began a rapid survey of these, 
determining what their product and costs were compared 
to what they ought to be. 'In 1900 [or 1902] , he checked up 
minutely the losses occurring in the use of materials, while 
planning, scheduling, and despatching work through a large 
factory. Of all Emerson's undertakings, however, that 
which has attracted the most attention was his " betterment 
work " introduced into the shops of the Santa Fe Railway 
during three years beginning in 1904, a story which we will 
treat briefly in the next chapter. He has installed his system 
partially, though in no instance completely, in " some 200 
different plants from Alaska to Mexico, from Louisiana to 
Canada, from Southern California to Maine." x At present 
his activity is carried on through the Emerson Company, 

1 Correspondence dated Sept. 27, 1913. 



I2 6 SCIENTIFIC MANAGEMENT [400 

an organization which employs between forty and fifty effic- 
iency specialists. 

To take up Emerson's distinguishing characteristics, in 
the first place, he calls his system " efficiency " rather than 
" scientific management." In the second place, he opposses 
functional management with its numerous heads, and sub- 
stitutes for it the " line and staff " idea, under which there is 
but one boss (the line). The functional experts (or staff) 
whom Emerson employs are not executive officers, but simply 
advise the single responsible authority; and it is the latter 
who puts all plans into practice through command over his 
" line " subordinates. The idea is to avoid creating too 
many bosses, and yet operate under expert advice. 

In the third place, Emerson vises a wage system which 
bases remuneration partly upon the " efficiency per cent " 
of the employee. Standard times are set on the basis of 
time study analysis, and the workman who just completes 
the same in the allotted time is credited with 100 per cent 
efficiency. Efficiency may thus be reckoned as below, above, 
or at 100 per cent. Although everyone receives his day rate, 
which is supposed to be a normal compensation when com- 
pared with prevailing wages, a man who cannot attain 66.7 
per cent efficiency in the long run is regarded as subnormal 
and is in danger of discharge, At 67 per cent a small bonus 
is paid, which grows in size until at 90 per cent efficiency it 
reaches 10 per cent. Above this point one per cent in bonus 
is added for each additional one per cent gain in efficiency. 
Emerson has thus developed a wage system which is in its 
results practically the same as Gantt's " task and bonus " 
plan, except that under the Gantt system no bonus is paid 
until a man comes up to standard performance, in the hope 
that the large increase then suddenly granted will bring all 
up to a common productivity. Emerson's bonus, moreover, 
is figured, not on each schedule, but on the basis of efficiency 
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for a full pay roll period. This efficiency is obtained by 
dividing the total actual times into the sum of the standard 
times. 1 

In general, Emerson's methods are flexible, rather than 
stereotyped ; his time studies and standards are approximate 
rather than exhaustively exact; and he relies much on the 
self direction of his subordinates. This last practice is said 
to be responsible for a certain unevenness of results which is 
one of the chief criticisms of his methods. His company 
strives for the big gains that may be easily attained, and will 
accept a hurry order if funds for complete reorganization 
are lacking. 

Harrington Iynerson is nearly three years older than 
Frederick W. Taylor ; he did not meet the latter until Decem- 
ber, 1900, and the two never worked together. 2 Emerson 
was present, however, when Taylor's " Shop Management " 
was read, in 1903, and has done almost all of his mature 
work in the light (if he chose to use it) of that exposition. 
As regards his general thought, we have seen that Emerson 
has received stimuli from many sources ; but as concerns the 
application of efficiency to industrial plants, there is good 
ground for believing that he is much more deeply indebted 
to Taylor than to any other. Indeed, men well acquainted 

1 In later correspondence (June 25, 191 7) Mr. Emerson has described 
his plan as giving to the worker (who is above 100 per cent efficiency) : 
(1) the standard rate for the time he works; (2) a 20 per cent bonus 
for this same time; and (3) normal, not bonus, rate for the time saved. 
It will be found on analysis that this method of calculation gives exactly 
the same results as that described above. This last statement, however, 
is clearer than the other and is especially well adapted for showing the 
precise difference between' the systems of Emerson and Gantt. Gantt 
pays at the bonus rate for all the time saved, instead of at the normal 
rate. 

* 'Some members of the present Taylor group started under Emerson 
—as F. A. Parkhurst. We know of an active engineer, formerly with 
Emerson, who tells us that he now follows Gantt's methods. 
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with both have told us that Emerson was once accustomed 
to refer to Taylor as the source of his ideas : Taylor he re- 
garded as trying to do too much, as being in advance of his 
time; it was he, Emerson, who, by rendering lofty projects 
more practical, was able to achieve results. On the other 
hand, it cannot be denied that Emerson has brought into 
the field a great deal of original force. He may have 
adopted some of Taylor's ideas; 1 but if so, his conduct is 
similar to the appropriation which every man makes of any 
scheme that appeals to him as useful; and beyond this, he 
has at the same time combined them with so many ideas 
derived from other sources that his resulting philosophical 
system is a truly original contribution to the subject. Cer- 
tainly in his books he has expressed himself in a way which 
is in many respects far more effective than the style of the 
other scientific management or efficiency men. 

1 After examining the above statement, Mr. Emerson altered this 
sentence so as to make it read, " He adopted many of Taylor's ideas." 
On the paragraph as a whole, however, he had this comment to make : 
" I had completed my first great and successful work before I had the 
good fortune to meet Mr. Taylor with whom I remained on friendly 
terms until the end of his life. I had made time studies as to a great 
variety of operations twenty years before I met Mr. Taylor. ... I was 
on my third big plant betterment before Mr. Taylor's Shop Manage- 
ment appeared. I welcomed this work as a great and brilliant contri- 
bution to the subject. I found it exceedingly inspiring and I very greatly 
extended my use of time studies. I used slide rules before I met Mr. 
Barth yet I was one of the first to order his rules. . . . We made motion 
studies with moving pictures when on the Santa Fe but Mr. Gilbreth 
has developed this part of the art far beyond our elementary attempts 
and when occasion arises I use his methods with appreciation . . . 
What I personally feel I owe most to Taylor is knowledge and per- 
mission to use high speed steel, a stimulus to extend time studies, an 
admiration for his inflexible adherence to minute specialization. I 
found it far more practical to increase the efficiency of 10,000 men 10 
to 20 per cent in two years rather than to increase the efficiency of 
100 men 100 per cent. I have quoted many of the Taylor men and re- 
ferred to their excellent work in my books but it amuses me to hear 
that I ever referred to Mr. Taylor as the source of my ideas . . ." 



403] LIVES OF THE LEADERS I2Q 

In fact, Emerson has done more than any other single 
man to popularize the subject of scientific management. 
His statement that the railroads could save $1,000,000 a 
day by introducing efficiency methods was the keynote 
which started the present interest in the subject. His books, 
Efficiency (a reprint in 191 1 of periodical contributions of 
1908 and 1909), and The Twelve Principles of Efficiency 
(1912), taken with his magazine articles and addresses, 
have perhaps done more than anything else to make " effi- 
ciency " a household word. 

9. THE SCIENTIFIC MANAGEMENT MEN AS A BODY 

As regards the other scientific management men, atten- 
tion should at least be called to George D. Babcock, works 
manager of the H. H. Franklin Manufacturing Company, 
author of a number of important papers, and now a major 
with the army in France, to Frederick A. Parkhurst, author 
of Applied Methods of Scientific Management; to Dr. Hollis 
Godfrey, scientist and contributor to the Atlantic Monthly, 
now president of Drexel Institute, and member of the Ad- 
visory Commission, Council of National Defense ; to Dwight 
V. Merrick, declared by one well-informed authority to be at 
present the most skilled expert in time study, who at one 
time worked for the Link-Belt Company, then assisted 
Carl G. Barth install scientific management in the Water- 
town Arsenal, and was later with the H. H. Franklin Manu- 
facturing Company; to Charles Day, of Day & Zimmer- 
man, prominent consulting engineers of Philadelphia, the 
author of Industrial Plants; to Henry V. Sheel, of the Brigh- 
ton mills ; to Henry P. Kendall, of the Plimpton Press ; to 
William Kent, and Robert T. Kent, consulting engineers, edi- 
tors, and writers ; and to Charles W. Mixter, who claims to 
have offered the first college work on scientific management 
some seven or eight years ago, and who has more recently 
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entered the active work. Among the prominent manufac- 
turers who have taken up the scientific management move- 
ment, two in particular are men of distinction : Henry R. 
Towne, president of the Yale & Towne Manufacturing 
Company, and the late James M. Dodge, president of the 
board of directors of the Link-Belt Company. 

To put the strength of the scientific management move- 
ment in more definite terms : we may first note that the Tay- 
lor Society, whose membership is practically a roll of the 
leading Taylor men, together with some of their sympa- 
thizers, numbers about one hundred and thirty. Again, the 
Efficiency Society Incorporated once started to compile a list 
of all the men professionally engaged in reorganizing in- 
dustrial enterprises. When we last saw this, about 1914, the 
count had reached one hundred and eighty. As this list 
made no pretense of being complete — in fact, some very 
prominent names had not yet been placed upon it — and as 
the number of efficiency men has since grown greatly, it is 
probable that the actual number of persons whose entire time 
is devoted to introducing some type of " efficiency " is very 
much greater than one hundred and eighty. If, finally, there 
be added in, all the factory managers who 1 are trying to in- 
troduce improved methods for themselves, the extent of the 
broader scientific management movement is seen to be bor- 
dering on the immeasurable. 

While many of this larger group are only ordinary in 
ability, and probably lack knowledge as to what scientific 
management really is, one is safe in saying that, at the 
fountainhead at least, the system is represented by earnest 
and capable men ; the sketches which have been given above 
prove this. But if further proof be needed, it is only nec- 
essary to point out that three of the leaders in the scientific 
management movement have been presidents of the Amer- 
ican Society of Mechanical Engineers (Taylor, Towne, and 
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Dodge), and that, conversely, many of the most active 
officers and committeemen of that organization are iden- 
tified with, and throw their influence in favor of these new 
industrial ideas. Perhaps no other tribunal in America 
could by its approval add more prestige; — at least as far as 
manufacturing technique is concerned — to the standing of 
scientific management. 

ID. THE ORGANIZATION OF THE SCIENTIFIC MANAGEMENT 
MOVEMENT 

During life, Dr. Frederick Winslow Taylor remained the 
soul of the scientific management movement. Indeed it was 
his success in drawing to himself a group of very capable 
men, his capacity for stirring them to great effort and accom- 
plishment, and his genius for gathering and welding these 
achievements into a philosophy and a system, that is his 
chief claim to the fathership of the movement. 

So personal was this bond of union that one might well 
have questioned whether scientific management could main- 
tain its integrity after Taylor's death. Even during his life 
there were many more or less bitter dissensions in the effi- 
ciency camp. Two and a half years of actual test, however, 
now give the impression that the future of scientific manage- 
ment is a great deal more secure than at any previous time. 

One of the institutions making for the permanency of 
Taylor's work and of scientific management is that known as 
the Frederick W. Taylor Co-operators. This was organ- 
ized in April and May, 191 5, with headquarters at Boxly, 
the Philadelphia home of Dr. and Mrs. Taylor. Its pur- 
poses are : ( 1 ) to provide for the continuation and extension 
of the Taylor System; (2) to gather materials for a biog- 
raphy; (3) to provide a clearing house for information 
touching scientific management; and (4) to collect books, 
data, and memorabilia. The co-operators are Carl G. 
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Barth, Morris L. Cooke, and H. K. Hathaway. 1 On the 
advisory board are a number of prominent Americans, in- 
cluding General William Crozier, Henry L. Gantt, Dean 
Edwin F. Gay, Admiral C. F. Goodrich, Dean Harlow S. 
Person, Ida M. Tarbell, Sanford E. Thompson, and Henry 
R. Towne ; and among foreigners, Henri LeChatelier, Hans 
Renold, and A. Wallichs. The Taylor Co-operators, have 
taken up the task of continuing that great correspondence 
on scientific management, carried on with all parts of the 
world, which was one of the chief concerns of Taylor's 
later years. 2 

A second institution, — and one less proprietary in na- 
ture, — is the Taylor Society. This was formally organized 
December 4, 191 1 as the Society to Promote the Science of 
Management. After the death of Taylor the name of the 
society was changed, December 11, 191 5, to the Taylor 
Society ; A Society to Promote the Science of Management. 
There are various grades among its members, the total for 
all classes being, as before stated, about one hundred and 
thirty. The Taylor Society is a professional organization, 
with rigid restrictions as to membership, both constitu- 
tional and in practice. For a number of years it was not 
known to the public. But since Taylor's death it has come 
to the front as the leading exponent of the Taylor, and pos- 
sibly of the entire efficiency, movement. Meetings are held 
three or four times a year and are attended by many non- 
members. A Taylor Memorial Meeting held in Phila- 
delphia October 22 and 23, 191 5, and a Conference held at 
Ann Arbor, Michigan, May 11, 12, and 13, 1916 were par- 
ticularly important and well attended. The Bulletin of the 

1 With these, there was also associated James M. Dodge until his 
death late in 1915. 

* The secretary of the Taylor Co-operators is Miss Frances Mitchell. 
Taylor's biography is being prepared by Mr. Frank B. Copley. 
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Taylor Society has of late become an important source of 
material covering the development of scientific management. 

The most recent attempt to mobilize the efficiency move- 
ment was the formation, May 26, 191 7, of the Society of In- 
dustrial Engineers, with headquarters in Chicago. The ob- 
ject of this organization was to bring together in one body 
both the immediate Taylor following, and the rival parties 
and groups which have arisen in considerable number. In 
other words, the different phases of the efficiency movement 
were to be coordinated — and with the special purpose of aid- 
ing the Government in carrying on the war. It is, of course, 
too early to tell whether the rather formidable fissures which 
exist in the efficiency field can be thus bridged over; or 
whether the organization referred to can escape falling into 
the control of a single party. 

The cause of scientific management is, however, no longer 
exclusively championed by any one or all of the above- 
described types of organization. It may be said that the 
more general institutions of American thought and action 
are now also functioning as the efficient preservers and de- 
velopers of Taylor's work. The Chamber of Commerce 
of the United States, the leading technical and engineering 1 
journals, the universities, and even to some extent the na- 
tional government, — all these and many other agencies are 
helping to institutionalize and fix this special type of man- 
agement philosophy as the common heritage of American 
industry and life. Scientific management has its cham- 
pions, and its organic position in national consciousness, not 
only in America, but, as we shall see in the next chapter, in 
the world at large. 



CHAPTER V 

A Survey of the Trades and Plants in which Scien- 
tific Management Has Been Introduced 

i. the present status of the historic illustrations 
of scientific management 

a. The Midvale Steel Company 

At the birthplace of scientific management, and the seat 
of its development from 1882 to 1889, the system is said 
to have remained static since Frederick W. Taylor left in 
the latter year; and though the ideas which constituted it 
in the eighties are still being applied, and, it is said, more 
successfully than ever before, Midvale has adopted none 
of the latter features which have made the old scientific 
management seem but fragmentary. Midvale is one of 
America's great armor plate making plants, and produces 
heavy f orgings of many types. 

b. The Bethlehem Steel Company 

Turning next to an examination of what has happened 
at Bethlehem, where innovations were made which were 
advertised for a decade — if not until the present time — as 
the most striking proof of what scientific management can 
accomplish, it may be said that the references all date back 
to work which was done between 1898 and 1901, or at the 
very latest, 1902. This is because the system installed 
there met with the disapproval of Charles M. Schwab when 
he came into control of the plant about September, 1901 ; 
134 [408 
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Taylor had at this time already retired ; Gantt left at about 
the same time ; Barth later in the year. 

The status of scientific management at Bethlehem since 
1 90 1 is a controverted matter. The present owners say 
that they have rid themselves of Taylor and his ideas, and 
declare in their irritation that they " don't want to hear 
anything more about scientific management." Gantt and 
his associates grow equally warm in expressing their views. 
They accuse Schwab of being an irreclaimable "driver"; 
they say that though he pretended to repudiate the whole of 
their system, he really continued to enforce those fea- 
tures which aim to bring production up to the maximum, 
divorcing from the system, however, its essential principles 
of liberal pay and fair treatment. This policy, according 
to Taylor, did not work well : although at first an attempt 
was made to do away with bonuses, " at the end of the 
month (so the foreman and the men told [Taylor]), Mr. 
Schwab was [all too] glad to put the premium back again, 
because the product of the shop had dropped to about one- 
half." * In spite of such warnings, Gantt says, 2 Mr. 
Schwab continued to debase scientific management's better 
ideals regarding the treatment of workmen, until there 
came the great strike of 19 10. Though Schwab is thus 
alleged to have wandered away from certain of the teach- 
ings of scientific management, it is claimed that on the 
whole his plant has retained the important features of the 
system. Thus we meet with conflicting testimony: that 
of the Bethlehem management that Taylor and his system 
have been " kicked out," and that of some of the opposing 

1 Testimony of Taylor, Hearings before Special Committee of the 
House of Representatives to Investigate the Taylor and Other Systems 
of Shop Management, p. 1506. 

2 Work, Wages and Profits, p. 107. 
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party, who have revisited the works, and say that its essen- 
tials are in operation. 

Without venturing to pass judgment as to the truth of 
the charges against Mr. Schwab, there is good reason for 
believing that a considerable portion of scientific manage- 
ment is to-day imbedded in the Bethlehem organization. 
Our authority is no other than a statement issued by the 
Bethlehem Steel Company itself, and constituting Appen- 
dix C of a Government Report on Strike at Bethlehem 
Steel Works, 1 prepared after the 1910 trouble. This state- 
ment carefully explains that in its machine shops the time 
required to perform each operation entering into the work 
is determined by " observation " [elementary time study] ; 
that on the basis of this " standard information " a " man 
in charge of the rating " allows a proper time for the 
completion of each individual job [task setting] ; and that 
for success a bonus of 20 per cent above a fair day rate is 
given, while if the task be completed in less than the stand- 
ard time, the gain is shared equally between the company 
and the workman [the Gantt " task and bonus " system, 
except that the Gantt plan gives all the gain to the work- 
man] . 2 Finally, there is displayed a " work slip " [instruc- 
tion card] which with its detailed enumeration of opera- 
tions, directions as to regulation of machine, etc., looks for 
all the world as though it might have come out of Taylor's 
"Shop Management." Now, the Bethlehem Steel Com- 
pany has doubtless made changes during the last seventeen 
years; but the above-outlined statement certainly shows 
that, in the machine shops at least, their advancement has 
not carried them away from the general principles laid 
down by Taylor, Gantt, and Barth. 

1 Sen. Doc. no. 521, 61 C, 2 S. 

2 The Bethlehem plan of dividing the gain between the company and 
the workman is, of course, analogous to the Halsey premium plan. 
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As to the fate of the novel Bethlehem experiments in 
scientific pig iron handling and shoveling, 1 the insight 
given by the contents of the last paragraph disposes one to 
credit the assertion of Taylor that as a matter of fact 
" they are still carting around forty tons of pig iron a day 
at Bethlehem " (his way of roughly indicating that the 
output is still approximating 471^ instead of I2>4 tons) ; 
and to accept as a correct explanation his further state- 

1 The "science" of shoveling being one of the most interesting dis- 
coveries of the Bethlehem period, and not having come in for description 
before, it may be explained here that among its fundamentals are the 
selection of large scoops for the handling of light, and small shovels 
for the handling of heavy materials, so that the load will for every 
class of work approximate twenty-one pounds, which load experiment 
has shown to be the most efficient. Studies were made of the relative 
advantages of earth, wood, and iron surfaces underneath the pile. 
Workmen were instructed in the best way of pushing in their shovels, 
etc. The time required to throw to any given height or distance was 
brought under a formula, and tasks were set, based upon these dis- 
tances and the laws of human endurance. A personal record was kept 
of the work of each man, and for standard performance individuals 
were given substantial bonuses, so that the average earnings for all of 
the men rose about 60 per cent (from $1.15 to $1.88). That no time 
might be lost through having too many men in one place and too few 
in another, or through waiting between jobs, a central office was es- 
tablished from which "every laborer's work was planned out well in 
advance, and the workmen were all moved from place to place by the 
clerks with elaborate diagrams or maps of the yard before them." 
The results claimed for this system were a reduction of the force of 
yard laborers from between 400 and 600 to 140, an increase in the 
average number of tons handled per man per day from 16 to 59, and 
(Taylor assures us) beneficial effects on the workmen. The net sav- 
ings for the third year, after including in the costs the office and 
tool-room expenses, and the wages of all labor superintendents, fore- 
men, clerks, time-study men, etc., are placed at $36,400, " and during 
the six months following, when all of the work of the yard was on 
task work, the saving was at the rate of between $75,000 and $80,000 
per year." {Principles of Scientific Management, p. 71.) According 
to Taylor's testimony before the Industrial Relations Commission, 
1000 observations were made covering the shoveling of a single kind 
of material. 
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ment that, while he himself has not been back at Bethlehem, 
others who have say that shoveling is still carried on 
according to his methods. 1 

If it should happen that we have reached an unwarranted 
conclusion, and the remnants of scientific management at 
Bethlehem are indeed unimportant, even then it would still 
be true that the historical movements which occurred there 
have a present day standing. In that case it could be 
pointed out that the system there developed for machine 
shops has since been incorporated, along with new ideas, 
in other plants. Whether or not shoveling is now per- 
formed " scientifically " at Bethlehem, the art, Taylor as- 
sured us, has certainly been introduced elsewhefe. For in- 
stance, glimpses of it are caught in the reports of General 
Crozier on the Watertown Arsenal. Finally, to illustrate 
the subtle manner in which scientific management ideas 
may be transferred to new soil, data developed in the pig 
iron work concerning the laws of human endurance have 
been applied to bricklaying. 

The investment in the Bethlehem Steel Company, includ- 
ing capital, funded debt, and surplus, is given in the Gov- 
ernment report referred to above, as over $40,000,000, the 
normal number of employees as about 8,300. The com- 
pany manufactures gun forgings, marine and general en- 
gine forgings, and heavy machinery and ordnance of every 
description. This, of course, is a description of the Bethle- 
hem Steel Company as it existed prior to the war. 

c. Bicycle Ball Bearing Inspection 

A different fate befell scientific management in the works 
of the Symonds Rolling Machine Company, of Fitchburg, 

1 The statement in regard to shoveling was made direct to the writer ; 
the assertion in regard to pig iron handling was made through a third 
party. 



413] A SURVEY OF TRADES AND PLANTS 139. 

Massachusetts, where during the bicycle craze more bicycle 
ball bearings were manufactured than in any other shop in 
the United States : the concern is no longer in existence. 
Although we are told that not much scientific management 
was introduced in this place, considerable publicity was 
given to the study of bicycle ball inspection — as referred 
to in an earlier passage. 1 

d. Bricklaying 

Since Gilbeth left the contracting business, it is not known 
that his bricklaying methods are being applied anywhere 
in their entirety. He has noted, however, the use by others 
of various isolated features of his system — for instance, the 
" packet " idea in carrying bricks. 

While the Gilbreth methods were in operation, they were 
hailed as the great example of cooperation between scien- 
tific management and the unions. Having himself once been 
a member of the Boston bricklayers' union, Gilbreth declared 
that after some difficulty he had overcome scruples about 
piecework by paying the men a straight day rate, and then 
giving a bonus for reaching a certain high output. It 
should be noted that this cooperation was never in the form 
of a definite agreement. 

It was believed by some that Gilbreth abandoned the con- 
tracting business because this friendly relationship came to 
an end, that there were strikes, etc. The actual extent of 
trouble of this kind seems to have been a two-days' mix-up 
at Hudson Falls, New York, which proved to have been 
more of a misunderstanding within the labor organization 

1 Page 82. Taylor had been engaged to systematize this plant. Gantt 
was the superintendent, and Sanford E. Thompson was in charge of 
the development, involving time study work in one of the departments. 

According to C. Bertrand Thompson ("Scientific Management in 
Practice," Quarterly Journal of Economics, Feb., 1915) it was here 
that the system of functional foremen first reached its full development. 
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itself than an affair of real seriousness. A letter received 
from the corresponding secretary of one of the two Boston 
locals, replying to a request for information on the subject, 
speaks of no differences with Gilbreth other than the 
union's refusal to allow the use of the " fountain trowel." 
Nevertheless, labor's national leaders, who look forward to 
the possible consequennces growing out of scientific manage- 
ment, are undeniably hostile to the new bricklaying. 

Gilbreth's relationship to organized labor in the field of 
bricklaying seems, therefore, to have consisted in (1) the 
convincing of individual union men that it was to their 
interest to work according to his system; (2) non-interfer- 
ence on the part of the local organizations; (3) moral 
opposition on the part of national leaders ; and (4) the dis- 
appearance of the issue through Gilbreth's going into another 
profession. 

e. The Santa Fe 

In May, 1904, because of labor troubles, Harrington 
Emerson was given the task of reorganizing certain features 
of the Sante Fe railway system. His authority extended 
only to that one department known as the motive power de- 
partment ; and he was, therefore, concerned mainly with the 
maintenance and repair of locomotives, much of which 
work was centralized in shops at Topeka. Nevertheless, 
by the time Emerson had worked out from Topeka to the 
end of the 10,000 or so miles of road, his system was affect- 
ing 12,000 men, and he had a task upon his hands which 
took three years of time, and the assistance of a large staff 
of railway experts (in 1906, 31 were on the work.) 

The cause of starting Emerson's "betterment work," 
as it was officially called, having been a strike, his first 
and most important aim was to establish a basis for per- 
manent harmony by introducing an " individual effort and 
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bonus system." Increased supervision of the men was to 
be undertaken, and for good work special rewards were to 
be given. Accordingly, time studies were made (about 
60,000 by March, 1907), tasks were set, and bonuses 
offered. There were several distinguishing features which 
marked this phase of scientific management as it was in- 
troduced on the Santa Fe: first, extreme emphasis was 
laid on the individual character of the relations of men and 
management : " The schedule is a moral contract or agree- 
ment with the men as to a particular machine operation, 
rate of wages and time. Any change in men [etc.] calls for 
a new schedule." Second, there was a lack of insistence 
on the selection of unusual men: "The standard time set 
is reasonable, and one that can be reached without extra- 
ordinary effort; is, in fact, such time as a good foreman 
would demand." x And third, bonuses were paid to fore- 
men. Thus the Santa Fe management sought to make of 
its employees industrious, well paid, and loyal workmen. 

But before actually setting tasks, it was necessary to study 
and standardize all tools and equipment, and this led in 
itself to important improvements. Specially notable was 
the improvement in the care of belting, this being taken 
out of the hands of the workmen and put into those of 
specialists, with a resulting saving of 70 per cent in the 
expense of belt maintenance. Perhaps the most interesting 
features which Emerson introduced were the various rout- 
ing and scheduling devices. All of the work in the machine 
shop was so arranged that it could be controlled from dis- 
patch boards located in a central office; likewise on a bul- 
letin board was indicated the progress in the repair of each 
locomotive. Most of the other changes — such as the cen- 

1 Statements of 'Harrington Emerson, as printed in an editorial 
write-up entitled, " Betterment Work on the Santa Fe," American En- 
gineer and Railroad Journal, Dec, 1906. 
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tralization of work at Topeka, and the introduction of im- 
proved methods of cost accounting — are beyond the pale 
of things which are distinctively " scientific management." 

It is agreeed that the principles of scientific management 
were only part of them introduced on the Santa Fe. Never- 
theless the estimated savings were at the time put at enor- 
mous figures. Thus in the article from which the above 
quotations were taken, its writer estimated from figures 
contained in the president's annual report that during the 
fiscal year ending June 31, 1906, fully a million and a 
quarter of dollars were saved. Other critics were equally- 
enthusiastic, and the work attracted a great deal of atten- 
tion throughout the country. 

Since Emerson's connection with the Santa Fe was sev- 
ered, there have been those who have said that the value 
of the work was illusory, and that now, as a matter of fact, 
the entire structure has been torn down by the officers of 
the company. Of this much there can be no doubt, that 
the facile way in which savings running into the millions 
were calculated is now recognized as unscientific. We have 
talked with some of the men who made the original esti- 
mates, and they now acknowledge the impossibility of even 
approximately stating how much the innovations were 
worth, and indeed smile a little at their own big figures. 

As to the status on the Santa Fe to-day, the two follow- 
ing quotations, the one from Harrington Emerson, and the 
other from a present officer of the company, contain on 
the one hand an implied admission that there have been 
more or less important alterations, and on the other hand 
an acknowledgment on the part of the new managers that 
they have conserved much of Emerson's chief contribu- 
tion. Thus Emerson writes : x 

1 Correspondence dated Sept. 27, 1913. 
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Since that time [his withdrawal six years before] there has 
been a change in vice-presidents, two changes in superinten- 
dent of motive power, and not one of my original group of 
assistants is left. Nevertheless much of the work remains. 
About 60,000 work schedules were made out and bonus to 
the extent of $1,000,000 a year has been paid, and in large 
amount is still being paid. 

From the other side, we are informed by Vice-President 
W. B. Storey 1 that while " it is not practicable to give an 
estimate of the saving due to ' betterment '," nevertheless : 
" The bonus system installed at the time Mr. Emerson was 
with us is still in effect on our road, although it has been 
modified in certain directions.' In reply to an inquiry as 
to what parts of " betterment " had been abolished, he 
said: "The principal feature that has been eliminated is 
bonus to foremen and men in authority." A considerable 
part of Emerson's work has therefore been retained on the 
Santa Fe, and, as we are told by various authorities, is 
working satisfactorily. 2 

f . Conclusions as to the Past of Scientific Management 

Thus is brought down to date the story of those installa- 
tions of scientific management which are discussed in the 

1 Quotations from correspondence dated March 17, 1914. 

2 Mr. Emerson says that those who dispute the value of his savings 
lose sight of the principal aims of the betterment work. The mere 
reduction in costs, he declares, was nothing to boast of. Mr. Van 
Alstyne did better on the Northern Pacific where conditions were more 
difficult. The important issues on the Santa Fe, Emerson says, were 
the elimination of labor difficulties, and the speeding-up of locomotive 
repair work during a period of power shortage. In both these fields 
the temporary emergencies were met. In addition, permanent results 
were obtained in the way of improved relations with labor. The cost 
gains, he agrees, were large only because of the magnitude of the work 
and not because of any large percentage of gain. He says they have 
since been lost. 
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older literature of the subject. We may conclude that, 
while the facts do not warrant our saying with some that 
all of the stock illustrations of scientific management are 
to-day practically non-existent, nevertheless it is true that 
in each case something has happened to dim the glory of the 
achievement. Though abandoned in but few cases, and 
convicted of failure in none, stagnation, disavowal, or 
transformation, have destroyed their character as satisfac- 
tory evidence. However, as a matter of fact, the scientific 
management men of to-day no longer care a great deal 
about these earlier examples. They regard most of them 
as but the remnants of experimental stages which their 
rapidly developing movement has long ago left behind. 
In the following paragraphs we will turn, therefore, to a 
survey of certain scenes of comtemporary activity, where 
the up-to-date system may be observed. 

2. A STUDY OF SEVERAL INSTALLATIONS OF CONTEMPORARY 
IMPORTANCE 

a. The Tabor Manufacturing Company 
This is a Philadelphia concern employing about one hun- 
dred men; it is engaged in the manufacture of mold- 
ing machinery, together with certain other machinery and 
appliances for machine shop use. Though the company 
had been in business for a number of years, it was not 
until 1900 or later that it opened a shop for the purpose 
of doing its own manufacturing. The new venture was 
not very well organized, and the company sustained heavy 
losses, conditions being made still worse by a strike of the 
employees. After a time the president, Wilfred Lewis, 
who happened to be a personal friend of Frederick W. 
Taylor, sought and obtained the latter's financial aid. This 
was given on condition that scientific management be in- 
troduced. Reorganization was begun under the direction 
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of Carl G. Barth, consulting engineer, with some personal 
supervision by Taylor himself. In the fall of 1904, Horace 
K. Hathaway was engaged to give his entire time to the in- 
troduction of the system, and since then, working first under 
the direction of Barth and then independently, Hathaway has 
been the man responsible for scientific management in this 
plant; he is now vice-president. Taylor was owner of a 
small amount of stock, not at all a controlling interest, as is 
sometimes said. 

The following claims have been made for scientific man- 
agement in the Tabor works: the first year that Hath- 
away was with the company they continued to lose money 
— antagonism within the management hindered the start; 
the second year, expenses were just about met; while dur- 
ing the third and succeeding years there were large profits. 
In 191 o the experience of this company was Brandeis' first 
and strongest argument as to the efficacy of scientific man- 
agement. It was testified before the Interstate Commerce 
Commission that in 1910 the money value of the Tabor 
output was between two and three times as great as it had 
been in 1904, this value representing, as prices had fallen, 
a material output fully three times as great as in 1904. 
This remarkable showing had been effected without any 
increase in the size of the plant, the floor space remaining 
practically the same, merely some additional storage room 
having to be rented, and there having been but little new 
machinery added. More than this, the number of work- 
men, instead of being increased, had been actually reduced : 
where in 1904, 105 workmen were required in the shop 
and 5 in the office, in 19 10 only 75 were employed in the 
shop and 20 in the office ( or in supervising) ; thus scien- 
tific management had cut down the total force from no 
to 95. 

A description of the introduction of scientific manage- 
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merit into the Tabor works follows. The sketch will show 
scientific management from a new and more realistic angle. 
In our earlier discussion of the genesis of scientific man- 
agement the main features of the system were presented in 
what might be called their logical sequence; that is, atten- 
tion was first called to the ends in view, and secondly, to 
the means adopted. However, when a real factory — like 
the Tabor Manufacturing Company — actually starts to in- 
troduce scientific management, it is obvious that the vari- 
ous features must be installed in precisely the reverse of 
the logical order — that is, the first steps must be of a rather 
incidental nature, while the greater ends can be compassed 
only towards the last. Hence, as we review the experience 
of this company, we shall find our first, second, and third 
phases of scientific. management somewhat rearranged. 

The first effort in the Tabor plant was to improve con- 
ditions. All of the machines were gone over, strengthened 
where necessary, and put into first-class order. A plentiful 
supply of small tools, such as bolts and clamps for holding 
materials, was purchased and put at the disposal of the 
workmen. Cutting tools of the most scientific shapes and 
of uniform quality of steel were introduced. As coming 
partly under this same head of rearranging conditions may 
be mentioned improvements in tool rooms, store rooms, etc. 

As rapidly as progress along this first line permitted, a 
second side of scientific management was taken up, namely, 
the organizing of the working force. The shop was placed 
under the control of a " functional management " with 
headquarters in a "planning department." To describe 
the Tabor system : as soon as an order has passed through 
the hands of the draftsman, it is analyzed to determine 
exactly what parts will have to be made, and then, the date 
for the completion of the entire order having been taken 
into consideration, an explanatory diagram is drawn up, 
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which covers all the parts, and specifies just when each part 
should be finished and ready for assembly. The next step 
is to send a list of the materials which will be needed to the 
stock clerk, who makes sure that everything will be on 
hand in time; also by way of preparation, an instruction 
card is made out for every operation, which covers the 
things to be done, the best methods of doing them, the tools 
that will be needed, and the time which each element 
of the job should take. Everything is now put into the 
charge of the "order of work" clerk; keeping an eye on 
the planning department diagram which stipulates when 
every operation must be finished, and at the same time 
keeping in touch with the daily work of every man and 
machine in the shop, this " general " routes and dispatches 
the jobs' by means of elaborate bulletin boards, the whole 
system thus resembling a great piece of clockwork. 

Again viewing the Tabor functional management, and 
this time from the standpoint of the workman at a machine, 
functional management means that where formerly the work- 
man had to hunt up the foreman to find out what he was to 
do, then search for materials, find and grind his own tools, 
etc., now he has everything brought to him in advance, 
and laid out before him in first-class condition ready for 
starting to work. In addition, the workman has at 
hand an instruction card, which makes unnecessary a pre- 
liminary debate as to what to do first. Also at his ser- 
vice are three teachers, of whom the gang boss and the 
speed boss instruct him in the most expeditious way of 
setting up and performing the work, while the inspector 
instructs him as to how he may obtain the necessary quality. 

Not until the Tabor people had undertaken these two 
preliminary steps could there be installed the last and 
crowning feature of scientific management — the wage sys- 
tem. Briefly characterized, this consists in timing the ele- 
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mentary human movements entering into a job, calculating 
the machine times, and then using these data to decide how 
long it should take to complete the job; the company under 
all circumstances pays a day rate, which is, it is claimed, 
fully as high as that prevailing throughout the community 
for similar work; and then for successful accomplishment 
of the task it pays in addition a bonus amounting to 35 
per cent. Some of the men always earn their bonus ; others 
sometimes fail. The average amount carried home at the 
end of the week is said to be between 25 and 30 per cent 
greater than the same men could get elsewhere. 

The Tabor- Manufacturing Company's plant is the most 
celebrated demonstration ground and school connected 
with the scientific management movement. One gentleman 
counted some twenty visitors who went through the shop 
in about three hours one afternoon. It is a favorite place 
for training young men who are later to become experts 
on their own account. 

b. The Link-Belt Company 

A twin brother of the Tabor Manufacturing Company — 
as far as scientific management is concerned — is the Phila- 
delphia branch of the Link-Belt Company, a concern en- 
gaged in manufacturing elevating and conveying machin- 
ery, of special rather than standard types, and employing 
from four hundred to seven hundred and fifty men. In 
both the Tabor and Link-Belt plants, and at almost the 
same time, the introduction of scientific management was 
started by Carl G. Barth, under the general supervision of 
Frederick W. Taylor. Of the two, the Link-Belt people 
perhaps deserve credit for taking hold more promptly and 
attacking more vigorously and with less respect to cost 
pioneer difficulties. Some believe, however, that at the pres- 
ent time there is a shade of difference the other way, and 
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that the Tabor organization has carried its system to a finer 
point of perfection. But these distinctions are not impor- 
tant : scientific management has been installed in almost com- 
plete conformity with Taylor's ideals in both plants; their 
methods are nearly identical ; both concerns are celebrated. 

However, the statistics of the Link-Belt Company fur- 
nish the better basis for judgment as to the true value of 
scientific management ; for in the case of the Tabor Manu- 
facturing Company, all comparison is with a past when the 
concern's manufacturing was admittedly an immature, badly 
organized, and losing undertaking. The Link-Belt enter- 
prise, on the contrary, was started about 1874 or 1875, and 
since 1878 the company has had with it James M. Dodge, 
a president of the American Society of Mechanical Engi- 
neers. In the nineties they had a superintendent well 
versed in some of the best shop practices. Indeed, they 
thought in 1903 that they were running a model shop, and 
the company was, in fact, making money. Hence the com- 
parison, in the case of the Link-Belt Company, is between 
the best of the old and the best of the new. 

In 1910 James M. Dodge, chairman of the board of 
directors, testified before the Interstate Commerce Com- 
mission that the Link-Belt Company was at that time pro- 
ducing twice as efficiently in its Philadelphia plant as in 
1903 and 1904, meaning that, per man employed, the out- 
put of the works as a whole was twice as great. As regards 
wages, he declared that all were paid what the men con- 
sidered fair day rates; in addition to this, a bonus was 
added for good work, which amounted in the case of most 
good workmen to 25 or 30 per cent of the ordinary wage, 
but in a few exceptional instances to 35 per cent. The 
labor time had thus been reduced by as much as 50 per 
cent; but, taking into account the increase in wages, and 
making allowance for the fact that in this industry the ex- 
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pense for labor is somewhat overshadowed by the outlay 
for raw materials, it was declared that in the total costs 
the system had meant a reduction of not more than 20 per 
cent. As the selling price had been cut 10 or 15 per cent — 
being figured for the most part on cost plus a percentage! — 
the net gain to the stockholders could not have been more 
than 5 or 10 per cent of the selling price. In spite of this 
cutting away of a large part of the profits due to scientific 
management, the company was nevertheless decidedly more 
prosperous than before, its dividends having ranged in the 
years preceding 1910 from 5 to 14 per cent. It was also 
brought out in Mr. Dodge's testimony that the Link-Belt 
routing system had been of special value, in that it enabled 
the company to deliver orders with greater regularity, and 
that their improved methods of replenishing stock had per- 
mitted a reduction of one-third in the stores kept per unit 
of business carried on. 

In April, 1914, Frederick W. Taylor testified before the 
Industrial Relations Commission that 98 per cent of the 
metal cutting tasks set in this plant were accomplished in 
schedule time by the workmen. Before the same com- 
mission, Dodge testified that the average term of employ- 
ment was more than seven years; also* that the company 
had on file as many as 50,000 time studies. 

About 1906 there was a merger of the Philadelphia 
company with corporations carrying on manufacturing in 
Chicago and Indianapolis. In Chicago, the introduction of 
scientific management was begun promptly ; and because the 
management was now experienced, the work made rapid 
progress. Later, the system was being installed in Indian- 
apolis. 

In weighing the value of these statistics in regard to the 
Tabor Manufacturing Company and the Link-Belt Com- 
pany, and, in fact, in judging of the results due to the in- 
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traduction of scientific management in any machine shop, 
it must be remembered that one reason for success is the 
fact that the management experts bring with them high- 
speed steel. How much of the increase in productivity was 
due to organization and how much to this epoch making 
mechanical improvement, it is hard to say, for the reason 
that it would be impossible to get the full benefit of the 
steel without the use of the instruction cards, bonuses, and 
other management features. 1 Between the two sources of 
profit Dodge makes no distinction, but says that the 
doubling of productivity was due to scientific management 
plus high-speed steel. 

The prolonged studies by which the laws of metal cutting 
were discovered and formulated for use in the shop, we 
believe should be regarded as a distinctly scientific manage- 
ment activity; and specially does the system deserve credit 
for any saving due to the everyday application of these 
principles by means of instruction cards, functional fore- 
men, etc.; these are a part of scientific management. But 
high-speed steel, though a product of scientific manage- 
ment, should not be confused with it; and we must, there- 
fore, deduct something from the above estimates, to deter- 
mine the true worth of the new management taken by itself. 

Besides allowing for the effect of high-speed steel, it may 
be noted that in six years ordinary progress should account 
for a certain lessening of cost. The fact that prices were 
lower and competitors more numerous in the fields occupied 
by both companies in 191 o than in 1904 might indicate that 
other forces were reducing costs and increasing outputs 
besides scientific management. 

It is believed, however, that after taking all these things 

1 As a matter of fact, both the Tabor and the Link-Belt Companies 
had high-speed steel in their shops before they introduced scientific 
management. But they were not able to use it to advantage. 
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into consideration, a good part of the three-fold productiv- 
ity claimed for the Tabor plant, and the two-fold efficiency 
claimed for the Link-Belt works, should be laid to the 
credit of scientific management. The greater prosperity of 
the companies, both as compared with their own past and 
with the condition of their competitors, indicates that they 
now have some unusual advantage. The decision of the 
Link-Belt Company to install the system in its Chicago and 
Indianapolis plants shows that the managers, at least, are 
convinced of its value. 

c. The Watertown Arsenal 

On June 14, 1909, Carl G. Barth began the installation 
of scientific management in the arsenal operated by the 
United States Government at Watertown, Mass. After 
about two years spent in looking over the machinery and 
in systematizing the plant, the first bonus was offered in 
May, 1911. The application of the new wage system was 
gradually widened, so that by May, 1913, 45 per cent of 
the work of the machine shop was under the premium 
system, some of the other departments, however, running 
as low as 5 per cent. Althogether, during that month, 210 
out of the 600 employees of the arsenal worked a part of 
their time upon premium jobs. Though it is thus seen 
that scientific management had not yet been thoroughly 
enough introduced to make the Watertown Arsenal a 
typical instance of its application, yet the fact that we here 
meet with official, figures makes it worth while to give a 
brief summary of the results obtained. 1 

1 Colonel (now General) Charles B. Wheeler, then commanding offi- 
cer at the Watertown. Arsenal, and Major C. C. Williams, his first- 
assistant, devoted much time to pushing scientific management. Dwight 
V. Merrick, a very capable time study man, was Barth's assistant. 
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In his annual report for the fiscal year ending June 30, 
1912, General Crozier, Chief of Ordnance, gave special 
attention to the subject of scientific management. He 
stated that during that year it had saved the Watertown 
Arsenal $49,000; but if throughout the entire twelve 
months there had been as much of the system in force as 
there was in May and June, the figures would have been 
$100,000. The best proof of the value of scientific man- 
agement, he continued, was the fact that due to the exist- 
ence of these savings the estimates for the next fiscal year 
had been reduced by over $240,000. Scientific management 
was furthermore permitting a substantial reduction in the 
amount of stores, $122,000 worth having been already ab- 
sorbed. The productivity of the individual was on the 
average about two and one half times as great as it had been 
under daywork, as was found by a comparison of the job 
cards on about sixty different jobs, each of which was 
performed both under the old daywork and the premium 
systems. 

In a memorandum submitted to the Secretary of War 
on September 6, 191 3, General Crozier further stated that 
in the seventeen months ending May 31, 1913, $22,000 had 
been paid out in premiums to the men. During May, 19 13, 
individuals had earned bonuses varying from nothing to 
$31. In the machine shop, the average earnings while 
working on premium jobs were 24 per cent above the day 
rate. More men earned premiums between 30 and 35 per 
cent than in any other 5-per-cent group, while less than 4 
per cent failed to receive any bonus. These machinists con- 
stituted three-fifths of the premium workers. The averages 
for the other departments were generally higher, and in no 
case lower, than 24 per cent. 

The premium system at Watertown starts with the usual 
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stop watch analysis on the basis of which the time required 
to perform work is ascertained ; this time is then increased 
by two-thirds (that is, for a job that can be done in 30 
minutes, 50 minutes is allowed), and then for every minute 
saved from the time allowed a premium of half a minute's 
additional pay is given. Thus, if a task which can be done 
in 30 minutes is actually finished in 30 instead o>f 50 min- 
utes, the premium amounts to' 10 minutes, or 33% per cent 
No matter how long a man takes, he gets his regular day 
rate; and in September, 191 3, General Crozier stated that 
up to that time no one had been discharged for failure to 
earn a bonus, or indeed because of the introduction of 
scientific management. Foremen are given bonuses which 
vary with the success of their subordinates. 

The chief interest in the Watertown Arsenal case centers, 
however, in the relationship between scientific management 
and organized labor. In December, 1910, General Crozier 
had assembled at Watertown a board including the com- 
manding officers of the principal manufacturing arsenals. 
A thorough study was made of the new methods and their 
adoption elsewhere recommended. By this time, the hear- 
ings before the Interstate Commerce Commission had 
thrown the limelight on scientific management. When, 
therefore, in the spring of 1911, steps were taken to intro- 
duce the system at the Rock Island Arsenal, the employees 
there, in cooperation with President Gompers of the Amer- 
ican Federation of Labor and President O'Connell of the 
International Association of Machinists, vigorously attacked 
it. Hearings were secured before the House committee on 
labor, and an alarmist circular was issued by O'Connell. 

Possibly it was because of this stimulus, General Cro- 
zier thinks, that when an attempt was made to introduce 
the bonus system into the Watertown foundry during the 
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summer of 191 1, the entire force walked out. Though 
they came back in a few days and the installation of scien- 
tific management was successfully continued, on August 21 
the House of Representatives authorized a special com- 
mittee to make an investigation. This committee, composed 
of W. B. Wilson, later Secretary of Labor, Wm. C. Red- 
field, later Secretary of Commerce, and John Q. Tilson, 
held hearings in Boston, New York, and Washington, be- 
ginning on October 4, 191 1, and ending the following Feb- 
ruary 1 2th. On June 17, 19 13, the majority of the Water- 
town employees, and then on June 21 their union represen- 
tatives, filed petitions requesting the abandonment of the 
" Taylor " or " stop watch " system. To these petitions 
General Crozier made an exhaustive reply (September 6). 
From time to time various bills have been introduced 
into both houses of Congress forbidding the use of the 
stop watch (or other time-measuring device) and the pay- 
ing of bonuses on government work. On March 3, 191 5, 
the House forced the Senate's unwilling consent to pro- 
visions in both the Army and Navy appropriation bills for- 
bidding the use of funds for either of these purposes. At 
the time, this action failed to produce the expected result, as 
the work at Watertown depended on the Fortifications bill, 
rather than on the Army and Navy bills. A more thorough 
campaign was therefore inaugurated in 19 16, and at that 
time anti-efficiency riders were attached to the Fortifications, 
Army, Navy, Post Office, and Sundry Civil bills. Since 
July, 1916, time studies and premiums have therefore been 
outlawed from Watertown and all other branches of the 
Government service, the premium payments at Watertown 
actually ceasing on August 10th. In 191 7 riders were again 
attached to at least the Army, Fortifications, Navy, and 
Sundry Civil bills. These were intended to be effective until 
the end of June, 1918. 
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It is probable, however, that in spite of such legislation, 
scientific management will be largely reinstated at Water- 
town. General Crozier says that this can be done by fixing 
piecework prices on the basis of time study data already on 
hand. On October 6, 191 7, we were informed by General 
Wheeler that practically every employee in the projectile 
turning shop was then working by the piece, though each 
employee was given the privilege of electing whether he 
would work by the piece or by the day. In other depart- 
ments a number of operations were also being done by the 
piece. Of course, those features of scientific management 
which were not included in the ban on time studies and prem- 
ium payments were never abandoned at all. 

The results which followed the suspension of premium 
payments at Watertown furnish some very interesting evi- 
dence as to the effectiveness of scientific management as 
compared with older systems. General Crozier reported that 
just as the introduction of the system had increased the out- 
put on certain machine shop jobs 2.7 times, so the removal 
of the premiums slowed down production to such an ex- 
tent that the time required on these jobs now increased 2.2 
times. To quote the officer in charge, 

It is perfectly evident by mere observation that a great 
change has taken place in our shops, the atmosphere that was 
so noticeable of industry and application has changed materi- 
ally, there is much more loafing and a much greater tendency 
to sit around on kegs, etc., than has existed here for several 
years. . . - 1 

1 Congressional Record, vol. 54, p. 3802. For a statement as to the 
objections raised against scientific management at Watertown, cf. infra, 
p. 211 n., pp. 213-215. That the formal petitions, in fact, misrepresented 
the real sentiments of the employees is indicated, infra, pp. 215-217. 
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d. The Cotton Industry 

Our next description will be of a plant in regard to which 
there are available exceptionally valuable data respecting 
the effect of scientific management on health. It is a New 
Jersey cotton mill, systematized some time ago by Henry L. 
Gantt, who for five years devoted a portion of his atten- 
tion to the work. The increase in the productivity of the 
factory amounted to perhaps 20 or 30 per cent, and was 
substantial, though not at all as phenomenal as in the case of 
of the metal cutting shops. Wages were increased by about 
30 per cent in many (though not all) of the departments, 
so that it is seen that the profit to the management did not 
lie in diminishing the direct labor cost, but rather lay in 
lessening the proportion of overhead expense to be attached 
to each unit of output, because of the increased production. 
As quality as well as quantity was considered in the paying 
of bonuses, there was a marked improvement in the uni- 
formity of the product. 

Though there was thus no overwhelming increase in the 
production of this cotton mill, it might not be a bad place 
to look for injurious effects upon the health of the work- 
ers : a large number of the employees were women ; and 
the introduction of task setting — though it eventually re- 
sulted in the work's being practically all performed in 
standard time — was at first accompanied by a marked thin- 
ning in the ranks of the employees. This would cause one 
to wonder whether Gantt was right in saying that those 
who fell by the wayside were idlers, or whether the oppo- 
nents of the system could not here find a justification for 
their general contention that the pace set by scientific man- 
agement is too fast. 

We may, therefore, attach considerable importance to a 
two months' investigation covering the effect of scientific 
management on health in this and two other factories. 



I5 8 SCIENTIFIC MANAGEMENT [432 

This investigation was financed by S. S. MoClure, and con- 
ducted by Miss Edith Wyatt, for many years vice-president 
of the Illinois Consumers' League, an organization which 
strives to ameliorate the conditions of women's and chil- 
dren's labor. In her testimony before the special House 
committee appointed to investigate scientific management, 
Miss Wyatt gave the following facts : x 

Her investigation of the cotton mill concerned only the 
women workers; it included one or more visits to the 
homes of 30 out of the no women operatives, and talks 
with the mothers of the younger girls. As to the attitude 
of the girls towards scientific management, Miss Wyatt 
said: 

. . . they were almost all of them pleased with it. The only 
one who was distinctly displeased with it was the girl I men- 
tioned who was living in really very tragic conditions at home 
. . . she complained of the entire cotton industry . . . but I 
did not feel her complaint was due to scientific management. 
And then the winder I speak of complained of the stamping 
on pedals, and that I felt was justified. [This latter work was 
afterwards turned over to boys.] 

Miss Wyatt said that in all her investigations she found 
only one mother who objected to the system, and after 
talking with the neighbors and looking up the health of the 
children, Miss Wyatt thought that this complaint was! 
groundless. 

Her own observations, made department by department, 
convinced Miss Wyatt that in only one particular were 
conditions unfavorable to health, and that was where some 
obstacle, regularly connected with the work, had to be 
encountered oftener because of the speeding-up of the 
machinery — as, for instance, the stamping on pedals men- 

1 Hearings, pp. 592-604. 
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tioned above. However, the management was constantly 
and successfully applying itself to the eradication of these 
obstacles ; and even in spite of the burdensomeness of these 
difficult operations, the amelioration of working conditions 
in general — the better air, better light, and reduced strain — 
made for a net improvement in working conditions under 
the system. 

In the course of her investigation, Miss Wyatt was per- 
haps struck with nothing more forcibly than the changed 
attitude of the employers towards hours, wages, conditions 
of work, etc. — the " mental revolution " of which Fred- 
erick W. Taylor was fond of speaking. She offered one 
criticism : " My feeling . . . was that if the workers had 
been organized, if the workers themselves had stated their 
grievances, that it would have been of great assistance both 
to the employers and to the efficiency engineers and to the 
girls themselves." 

e. The H. H. Franklin Manufacturing Company 

One of the most interesting of the later installations of 
scientific management has been the system introduced in the 
Syracuse plant which manufactures the Franklin automo- 
bile. This work was first undertaken and built up by Carl 
G. Barth, acting as consultant, and has been more recently 
continued by George D. Babcock, works manager. Mr. 
Dwight V. Merrick carried on the time study work. 

Mr. Babcock is a firm believer in exact and scientific con- 
trol over every phase of manufacture, and his plant is par- 
ticularly well developed from the routing standpoint. 
While a minute description of the routing system would be 
too technical for this general survey, it includes such inter- 
esting features as the use of pneumatic tubes for issuing and 
returning orders, and the preservation by photography of 
records of the progress of work, which have first been vis- 
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ualized on despatch boards. Mr. Babcock has worked out 
an elaborate formula for automatically adjusting the base 
wage rate in accordance with changes in the cost of living, 
and the personal record of the employee. Great savings in 
capital investment have been made through the shortening 
of the period which it takes to turn purchased material into 
finished product; and the labor turnover has been greatly 
reduced. The plant is in general distinguished for its im- 
proved mechanical equipment. 

f . The Clothcraft Shops 

The most recent tendencies in scientific management are 
probably best illustrated by the Clothcraft Shops of the 
Joseph & Feiss Company, of Cleveland. This firm had par- 
tially worked out a system analogous to scientific manage- 
ment before getting in touch with the Taylor movement. 
Their later development, however, has owed a good deal to 
relations with the Taylor group; and Dr. Taylor, in turn, is 
said to have expressed his sympathy and interest in the spec- 
ial lines along which the Cleveland firm has branched out. 
The Clothcraft Shops employ a large percentage of girls in 
what was once a sweated trade. Their chief contribution 
towards the development of the science of management has 
been in the scientific study of the human element. 

Mr. Richard A. Feiss, the manager, who has led in this 1 
work, believes that one of the things that people work for 
is pay ; and so, like Mr. Taylor, he offers extra pay to those 
people who perform good work, as shown by time study 
analysis. But — possibly more clearly than Taylor — Feiss 
recognizes the fact that people do not usually do their best 
work for pay alone. Combined with good pay there should 
also be the element of personal interest. 

Accordingly, Mr. Feiss has systematically attempted to 
build up an esprit de corps among his working force. New 
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employees are taken preferably upon the reference of older 
employees, who thus have a certain responsibility and in- 
terest in the make-up of the force. During the winter, the 
different divisions of the shops give parties, at which enter- 
tainment is furnished by the employees and their families. 
Members of the firm attend these, and a democratic spirit is 
said to prevail. On regular days dancing is a feature in 
the women's recreation room, and there are dining rooms 
where every employee has his own seat. Among the other 
institutions of the factory are a choral club, with member- 
ship upwards of two hundred, leagues for baseball, quoits, 
captain ball, and other sports, a library, classes in English, 
and a savings bank. 

Mr. Feiss' main means of developing the sort of shop 
spirit which he wants is his Employment and Service De- 
partment. This department comes in contact with about 
one-fifth of the employees every day, and in some cases 
has made home calls. For about a year past he has 
also been trying out an employees' council, made up of thir- 
teen elected representatives. This seems to be performing a 
useful function, but has not yet reached its full development. 
Probably more important than any of these institutions, 
however, is the general attitude assumed by members of the 
firm and of the management in their contact with employees. 
It is an attitude of plain good fellowship, remarkably frank 
and sometimes outspoken, but sincere and with no flavor of 
patronage. 

In detail as well as in spirit the management and employ- 
ment methods are thorough, kindly, and democratic. Tn 
two days recently spent there, which included a confidential 
and seemingly unreserved discussion with the members of 
the employees' council, the writer could find no evidence of 
overwork, of repression, or dissatisfaction among the em- 
ployees. There were, of course, some differences of opin- 



j g 2 SCIENTIFIC MANAGEMENT [436 

ion, but no one questioned the sincerity of the management, 
or the practical advantages to the employee of the system. 
The instructors were regarded as indispensable aids, the 
way for advancement was said to be open, and the girls were 
given a bigger variety of work than they cared for. 

It was reported for the last half of 1916 that as a result 
of five years of scientific management applied in this spirit, 
the hours of labor per week had been reduced from 54 hours 
to 45 hours and less, and that the average weekly wage and 
the output per capita had each been increased by about 70 
per cent. This was before the war advances in wages had 
become exceptionally large. During the same period the 
lessened cost of supervision per unit of output was said to 
have reduced manufacturing cost by about 10 per cent. The 
labor turnover had been steadily reduced from 1 50 per cent 
per annum in 1910 to 33 per cent in 1914. Since 1914, a 
period of slack business followed by unusual demands for 
labor has kept the turnover at a somewhat higher figure. 

Mention should also be made of the firm's excellent med- 
ical records and service, and of the studied ideal of simplicity 
which has been put into buildings, equipment, and methods. 

3. EXTENT OF THE INTRODUCTION OF SCIENTIFIC 
MANAGEMENT 

a. Scientific Management in America 

Turning now to a more rapid survey of other plants in 
which scientific management has been installed, Frederick 
A. Parkhurst's Applied Methods of Scientific Management 
is a 325-page record of the precise steps taken to modify and 
expand Taylor's principles to meet the specific conditions 
existing in a given plant, namely, that of the Ferracute Ma- 
chine Company at Bridgeton, New Jersey. The claim is 
made that with practically the same employees and equipment 
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the time required to perform 275 jobs was on the average 
reduced to just 38 per cent of what it had been before, that 
after increasing the average day rate by 1 1 per cent, and 
giving to bonus workers in addition an increase of from 20 
to 60 per cent, the total cost for the 275 jobs, including 
overhead expense, was only 47 per cent of what it had been 
under the old system. 

In the printing line, much attention has been directed to 
the reorganization of the Plimpton Press, at Norwood, 
Massachusetts, by Morris L. Cooke and H. K. Hathaway, 
with the aid of Henry P. Kendall, manager. This concern 
employs about 1,200 persons. Among other plants, mention 
should at least be made again of the Remington Typewriter 
Company, where Gantt is completing several years of thor- 
oughgoing work ; and the Pullman Company, at whose great 
Chicago plant Barth has now been working for a considera- 
ble period. The Yale & Towne Manufacturing Company 
and the Westinghouse Electric Company formerly promised 
to develop into full-fledged scientific management plants: 
but it seems likely now that the system in both places will 
be limited in its scope. Unfortunately it is not possible to 
publish a complete list of the firms which have embraced 
scientific management, for the reason that the owners com- 
monly forbid it. Enough names have been mentioned in 
this and the preceding chapter, however, to show that scien- 
tific management is now intrenched in many of the high 
places of American industry. 

While exact statistics are impossible, estimates have been 
made from time to time as to the proportion which the- 
scientific management plants would probably bear to the 
industry of the country as a whole. Mr. Robert T. Kent, 
who was formerly secretary of what is now the Taylor 
Society, once told us that he had called to mind with but 
little effort sixty important instances of the introduction of 
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the system. This statement was made nearly four years 
ago, and Kent was then thinking only of the work of 
the immediate Taylor group. If now there be added in 
the more than two hundred somewhat less thorough in- 
stallations of Harrington Emerson, and also those of a great 
number of other efficiency engineers whose methods largely 
parallel scientific management, the actual results of the 
movement are seen to be not inconsiderable. 

A committee of the American Society of Mechanical 
Engineers reported in December, 1912, that although they 
could not obtain complete statistics as to the extent of the 
introduction of the new system, " labor-saving manage- 
ment " (by which they meant scientific management) had 
been installed in some form in the following fifty-two in- 
dustries : 



Book binding 
Building construction 
Carriage and wagon building 
Construction and repair of 

vessels (navy yards) 
Fire-arms and ordnance 

Rifles 

Gun carriages 
Machinery building 

Automobiles 

Agricultural implements 

Coal-handling machinery 

Electrical machinery 

Founding, iron and brass 

General machine work 

Gas engines 

Locomotives 

Machine tools 

Molding machines 

Pumps 



Pneumatic tools 

Sewing machines 

Typewriters 

Wood-working machinery 
Metal and coal mining 
Metal working 

Bolts and nuts 

Chains 

Hardware 

Tanks 

Tin cans 

Valves and pipe fittings 
Miscellaneous manufacturing 

Beer 

Beet sugar 

Boxes (wood and paper) 

Buttons 

Clothing 

Cordage 

Food products 
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Furniture Printing and lithographing 
Flour Railroad maintenance of mo- 
Glass tive power 
Lumber products Steel manufacture 
Pianos Textile manufacture 
Paper and paper pulp Bleaching and dyeing 
Rubber goods Cottons 
Soaps Velvets 
Shoes Woolens l 
Slate products 

The latest summary is that of C. Bertrand Thompson 
who in the book just cited 2 claims definite knowledge of 
212 applications of scientific management, of which 8 are to 
public service corporations, 7 to railroad and steamship oper- 
ation, 4 to municipal work, 4 to publishers, 3 to building 

1 Cf. C. Bertrand Thompson, " Scientific Management in Practice," 
Quarterly Journal of Economics, Feb., 1915. Mr. Thompson, after a 
field investigation covering twelve states and continued through por- 
tions of three years, amends the above list by removing sewing ma- 
chines, brewing, and beet-sugar refining, on the ground that in these 
industries " there was merely consultation or a report which did not 
develop later into actual work." He further recasts and supplements 
the list so as to make it number eighty industries. In The Theory and 
Practice of Scientific Management (1917), Thompson is able to revise 
and) expand this list still further to the point where it covers one hun- 
dred industries. Some of these one hundred industries would seem to 
be simply different names for various subdivisions of the same industry, 
but the following of Thompson's additions would seem to be distinctive : 
agriculture, aluminum castings, ammunition, axles, banking (clerical 
work), brass beds, clocks and watches, composing machines, corsets, 
department stores, desks, dies, earthwork, elevators, gas, handkerchiefs, 
import and export trade, iron and steel tools, leather goods, municipal 
engineering, optical goods, paper products, power plants, printing presses, 
railroad cars, registers, roller bearings, saws, scales, scientific and pro- 
fessional instruments, separators, silk goods, steamship operation, textile 
machinery, turbine engines, wire goods, and wire weaving machinery. 
In some of these lines, however, scientific management probably lacks 
a good deal of being complete. 

2 The Theory and Practice of Scientific Management, p. 37. 



!66 SCIENTIFIC MANAGEMENT [440 

and construction companies, 3 to department stores, 1 to a 
bank, 1 to a professional society, and the remaining 181 to 
factories. Of the factories, 149 are located in the United 
States, and employ about 52,000 persons. Of all the fac- 
tories employing more than one hundred wage earners, they 
would constitute about 1.2 per cent, and would employ 
about 1.3 per cent of the wage earners. Thompson's figures 
would seem to be the best now available, though they are 
necessarily incomplete, and he has probably included some 
cases which others might discard. 1 

All these estimates, however, include plants where the 
work is incomplete. Thus Emerson tells us that in no 
plant has he had an opportunity to install his system as 
thoroughly as Taylor's ideas have been incorporated in the 
Tabor shop. " In many plants our engagement was for 
very short periods. A limited sum would be appropriated 
with instructions to do the best we could in three months 
or six months." And so, to a large extent, has it been 
almost everywhere. Not only has the system been modi- 
fied and minimized to meet financial limitations, but usu- 
ally peculiar obstacles of one sort or another have affected 
the nature of the introduction. Thus complete reorganiza- 
tions on efficiency lines are not very numerous, and pure 
scientific management is extremely rare. 

At the same time, not even the largest sounding of the 
estimates given above would cover all the industry upon 

testifying before the Industrial Relations Commission in April, 
1914, Taylor estimated the number of persons employed under scientific 
management at 150,000 to 200,000. He said, however, that he regarded 
these figures — and all similar estimates — as pure guesses. Taylor de- 
clared that he knew of perhaps 100 plants where the Taylor System 
was working, but that there were certainly others. Prior to this testi- 
mony, 50,000 had been a common estimate as to the number of persons 
employed under scientific management; or sometimes it would be said 
that not more than one-tenth of one per cent of the national industry 
had been affected. 
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which scientific management has had some effect. They 
take into account only installations by men who have hung; 
rather close to the original leaders. No one group of lead- 
ers, however, is now able to control the scientific manage- 
ment movement. We noted in the last chapter the large 
number of persons who have entered upon the work pro- 
fessionally or taken an active part in introducing changes 
into their own plants. Perhaps they do not completely un- 
derstand scientific management, but they have read Taylor's 
books, or Emerson's, or caught their spirit, — and one or 
another of the principles is adopted. Missionaries fresh 
from India and Japan have told us of their thought that 
these principles might be applied to mission finances or to 
mission industrial work. University men, next door, have 
proposed to apply them in the class room. Wherever, on 
the train or in the shop, we have talked with factory work- 
men or managers, they have had something to say about 
new systems, different perhaps in name, but very similar in 
effect to those herein described. We suppose there are few 
important factories where the influence of scientific man- 
agement has not been felt, to at least a small extent. 

Even outside of the domain of private industry, we have 
seen that scientific management has born important fruit. 
The greatest field for extension just now is in work growing 
out of the war. The outbreak of war was followed by a 
notable exodus of scientific management leaders from com- 
mercial work into the government service. As chairman 
of the Storage Committee of what is now the War Indus- 
tries Board, Mr. Cooke has fathered the building up of 
courses in the handling of stores in some ten American 
colleges. In connection with the Supply Division of the 
Ordnance Department, Messrs. Gantt, Hathaway, Heck- 
man, Babcock, Eaton, Hall and others prominent in the 
Taylor movement, have started to develop a new form of 
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stock control. Similar work is being done for the Supply 
Division of the Quartermaster's Department. While this 
work may sound prosaic, the magnitude of it is obviously 
tremendous. The effect of these and other efforts to in- 
fuse scientific management into the great war machine can, 
however, only be judged at some future time. 

b. Scientific Management Abroad 

While America is still the chief seat of scientific manage- 
ment, the greatest recent gains of the system have been in 
foreign countries. For some years past there has been ap- 
pearing in French and German an important literature on 
the " Taylor System." In most of the other leading lan- 
guages, translations of one or more American works have 
appeared. The situation was summed up as early as 191 3 
by Morris L. Cooke : x " There are some establishments in 
most of these countries in which real progress in scientific 
management is being made. Better still in most foreign 
countries one or more prominent citizens — usually of the 
engineering profession — are advocating the adoption of 
scientific management as a means towards national pro- 
gress." 

This early interest, however, seems almost casual com- 
pared with the outburst of enthusiasm which succeeded the 
opening up of war. 

Of England, the Iron Age now reports : 2 "It is interesting 
to note how the germ of scientific management has found a 
fertile medium in British industrial circles. Hardly a trade 
or technical publication from England reaches this country 
that does not disclose discussions of the change for the 
better in factory operations." Also of England, Mr. A. H. 

1 " The Spirit and Social Significance of Scientific Management," 
Journal of Political Economy, June, 1913, p. 482. 

" Editorial, March 29, 1917. 
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Patterson, of the Social Welfare Association for London, 
has observed : x 

I am in a position now to know how wonderfully his [Dr. 
Taylor's] ideals of scientific management are being recognized 
and even being taken up by those who were its bitterest op- 
ponents a few years ago. I had a striking instance of this in 
the change of attitude to be found in the pages of the Journal 
of the Fabian Society — The New Statesman — lately. A few 
months ago nothing too bitter could be said of the Taylor 
System. To-day they practically recommend it, subject to 
there being proper safeguard against rate cutting and over 
production, overstrain. ... It is our business to prepare for 
England's industrial future and to me that is only possible by 
Taylor's ideal. 

Yet more significant is the attitude taken by one of the most 
prominent English economists, J. A. Hobson, who hasi 
prophesied that scientific management will take its place 
besides the questions of hours, wages, and technical train- 
ing in the discussions and recommendations of the Joint 
Standing Industrial Councils, recently proposed by the Cab- 
inet Reconstruction Committee. 2 

Scientific management, however, would seem to have had 
more support in France than in the other European coun- 
tries. Professor Henri Le Chatelier wrote under date of 
January 18, 1917:° 

I am pleased to be able to say that since the start of the war 
the ideas of Mr. Taylor have made great progress in France. 
His principles of management are being applied in a great 
number of plants working on war materials. Taylor's books 

1 Letter to Miss Mitchell, Secretary of the Taylor Co-operators, No- 
vember 1, 1916. 

2 The New Republic, September 1, 1917. 
a To Miss Mitchell. 
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aie being sold as though they were appearing for the first 
time. We have just printed the ninth thousand of the Prin- 
ciples of Scientific Management and the fourth thousand of 
the April number of La Revue de Metallurgie — which I had 
consecrated to a review of the application of scientific manage- 
ment to industry. 

Supplementing this impression, the distinguished French 
economist and first hand student of labor who writes under 
the nom de plume of M. Hamp, speaks in his recent book, 
La France, Pays Ouvrier, of the " taylorization " of French 
industry. He seems confidently to expect that this move- 
ment will go forward and make of France a country of 
genuine economic strength. 

Of Italy, Captain Giannini, of the Italian Government 
Commission stationed in London, has written 1 that the 
second Italian edition of the Principles of Scientific Man- 
agement has been issued and that Taylor's principles, ap- 
plied to Italian factories, as well as to the French factories, 
has contributed materially to the increase in the production 
of war materials. 

Of the progress of scientific management in Germany, 
we cannot have so much knowledge, nor — as long as the 
war lasts — so much interest. Prior to this event, however, 
much had been written about scientific management in 
German; and various German leaders, among them Wil- 
liam Ostwald, had expressed a special interest. American 
consulting engineers, in particular Mr. Gilbreth, had under- 
taken important work in German industries. 

It is probable that most of the gains made by scientific 
management abroad have been in the interest taken in the 
movement, rather than in any great amount of actual 
achievement. Where scientific management has been in- 
troduced or talked about, it is often only particular aspects 
1 February 14, 191 7, to Miss Mitchell. 
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of the system. For instance, most of the English discus- 
sion noted by the editor of the Iron Age was regarding the 
advisability of premium methods of wage payment. 

At the same time, it is possible that some of the 
changes which will almost inevitably occur as the sys- 
tem is transplanted into Europe, will be changes for the 
better; or will at least mean the elimination of some 
of the weaknesses which American experience has dis- 
closed. M. Hamp, for instance, thinks that the " taylori- 
zation " of French industry must take into account some 
of the traditional qualities of French labor, though 
superseding others. It would seem that the intense hos- 
tility of American labor leaders towards scientific manage- 
ment would not be duplicated in England, at least in all 
labor circles. One English consulting engineer, at least, 
has worked in cooperation with union officials, and he re- 
ports that the officers of the Amalgamated Society of 
Engineers, an English union with over a million members, 
definitely proposed the use of stop watch time studies and 
premium payments as a means of safeguarding the interests 
of the workers under the conditions of increased output 
demanded by the government. At the time, this proposal 
seems to have been rejected by the managers. 

While conditions are in too great a flux in Europe to 
permit of safe prediction, a fundamental industrial revolu- 
tion of some kind would seem to be in progress. The 
European peoples themselves call the incoming system by the 
name of scientific management, identifying it with the 
American movement of that name. Just what changes will 
~be> made in the process of transplanting, and whether they 
will be of fundamental or of minor significance, — this must 
as yet remain uncertain. 



PART II 

A CRITICAL REVIEW OF IMPORTANT 
ASPECTS OF SCIENTIFIC MANAGEMENT 



CHAPTER VI 

The Productivity of Scientific Management 

In discussing the productivity of a system as many- 
sided as scientific management, the system as a whole 
must be resolved into its constituent parts. The various 
efficiency devices should be arranged in the order of 
their respective importance, and the value of each esti- 
mated. We face, therefore, the leading question : What 
is the most profitable feature of scientific management? 

I. THE VALUE OF THE INITIATIVE OF WORKMEN 

Of his original publication, "A Piece-Rate System," 
Frederick W. Taylor afterwards stated that his chief 
object in writing it was "to advocate the study of 'unjt 
times ' as the foundation of good management." * In 
regard to his more mature paper, "Shop Management," 
the father of scientific management makes the even 
stronger declaration : * " What the writer wishes partic- 
ularly to emphasize is that the whole system rests upon 
an accurate and scientific study of ' unit times, ' which is 
by far the most important element in modern manage- 
ment." What was true at the beginning is true today. 
In 1913 Morris L. Cooke, than whom no one has done 
more to broaden the scope of scientific management, 
still felt constrained to say: 3 "Practically everything 

1 " Shop Management," Transactions of the American Society of 
Mechanical Engineers, vol. xxiv, p. 1364. 

2 Ibid., p. 1364. 

3 Journal of Political Economy, June, 1913, p. 487. 

449] 175 
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that is done in developing scientific management in an 
establishment has for its object the settings ia pj^s^s." 

The fact that task setting is the thing towards which 
all scientific management is directed is of the greatest 
importance for the present discussion, for it indicates 
that the aspect of the system of which this device is the 
central feature has been the most largely productive of 
all. The attainment of the initiative of the workman, 
through giving an extra reward for the successful com- 
pletion of a task, which task has been determined by the 
study of unit times — this end must be regarded as the 
initial incentive and the moving force behind the entire 
development. 

The contribution which the first phase of scientific 
management has made to the general productivity of 
the system may be evaluated as follows : 

Before the system had been developed so as to include 
many auxiliary features, production on jobs in the Mid- 
vale Steel works was increased by 100 per cent, this be- 
ing credited almost entirely to the setting of tasks by 
means of elementary time study and the application of 
the differential rate. Taylor tells us in " A Piece-Rate 
System" 1 that he never failed to find men who are glad 
to unload coal from a car at the rate of forty tons per 
day instead of the usual fifteen tons. Beyond taking 
care to select strong men, there seems to have been no 
extensive study of the work; but reliance was placed 
mainly on rousing interest through taskwork with liberal 
pay. The possibility of greatly increasing production 
through adjustments in the method of wage determina- 
tion is attested by authorities from all quarters. Thus 
David F. Schloss found that by ordinary piecework, 

1 Transactions of the American Society of Mechanical Engineers, 
vol. xvi, p. 878. 
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production could be increased from 30 to 50 per cent ; * 
and Frederick A. Halsey claims for his "premium plan" 
an increase in productivity of 70 per cent. 2 Finally, the 
retention of the bonus system in the plants of the Beth- 
lehem Steel Company 3 and of the Santa Fe Railway 4 
indicate that it is of real value. 

We may believe, therefore, that the greatest gain which 
has thus far attended the introduction of scientific man- 
agement has been the minimizing of the friction and 
waste which ordinarily occur when one man works for 
another. Under the older types of management, the 
more capable men do not accomplish nearly as much work 
as they might easily turn out — they are afraid to do so. 
Scientific management, through determining reasonable 
tasks by the accurate method of elementary time study, 
and then adequately rewarding workers who attain the 
standard, is therefore capable of adding substantially to 
the sum total of production; nor need the cost of the 
additional effort be as great as the value of the extra 
product. 

The precise amount of gain will, of course, vary ac- 
cording to the circumstances. Sometimes it will be 
small, because the work was done fairly efficiently before. 
General Crozier cites a job at the Watertown Arsenal 
where the time could not be reduced at all, because the 
man who had been previously working on it had been 
an earnest workman. At other times the gain is abnor- 
mally large, because the shop concerned had been espe- 
cially badly managed prior to reorganization. 

1 Supra, p. 33. 

2 Supra, pp. 50-51. 

3 Supra, p. 136. 

4 Supra, pp. 142-143. 
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In general, it is probable that on jobs where a piece 
rate or Halsey premium system has had time to work 
itself out, the industry of the men cannot be very greatly 
increased by the introduction of scientific management.' 
Scientific management is of chief value, therefore, in 
those fields where constant or frequent change in the 
work, or possibly some other cause, has prevented the 
establishment of reliable daywork or piecework standards. 

Before saying that the productivity of scientific man- 
agement varies precisely in proportion to the lack of 
repetition in the work, it should be remembered, however, 
that the expense of making the studies must also be taken 
into consideration. Elementary time study would be 
utterly impracticable unless there were running all 
through the repetitive, or frequently changed, jobs, ele- 
ments practically constant or subject only to regular and 
easily formulated change. It should also be pointed out 
that if the work is entirely non-repetitive, the jobs as 
well as their constituent units should be large, probably 
taking several hours for performance. If the operation 
is of short duration, then there must be a considerable 
number of pieces turned out for each change in the char- 
acter of the work, though not necessarily nearly so many 
pieces as would be required if rates were to reach a per- 
manent basis without time study. 

We may conclude, therefore, that scientific task deter- 
minatio n ' s t he most indispensable when t he amount of 
repetition injwoyk.is, , sm a.ll._a nd yet there is j exi^igTreg- 
ularity to make analysis into unit times feasible, anc 
enough volume to make it practicable. Scientific task 
setting simply accomplisnes quickly and easily what em- 
ployers could work out by competitive or coercive meas- 

1 'See supra, p. 35, n. 2. 
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ures if they had enough time. Even so, the gain in ar- 
riving at high efficiency at once, instead of after long 
years of struggle is so great that, in practical application, 
the benefits may prove to be almost equally valuable, no 
matter what the kind of work. 

2. THE EXTENT TO WHICH PLANNING MAY BE PROFITABLY 

CARRIED 

One could hardly imagine a great increase in produc- 
tion without accompanying features — as the choosing of 
able workmen or the taking of greater care to supply 
the men abundantly with work; some changes are in- 
cidental to, or necessary consequences of, greater pro- 
ductivity. But the features which constitute the second 
phase of scientific management are more than merely 
supplementary; they seek recognition as an original 
source of profit. 

In the machine shop and in some other branches of 
industry the most important of these changes is stand- 
ardization of tools and equipment, both because of its 
own merits and because it is the condition of progress 
along many of the other lines. While standardization 
accompanies scientific management primarily because of 
the necessity of establishing uniform conditions which 
will render task setting accurate and fair, nevertheless in 
substituting for the weaker parts of machines strong 
parts, and in throwing out tools of old design and intro- 
ducing others of more modern make, standardization 
transcends its original purpose and becomes the parent 
of an efficiency which is no longer a part of manage- 
ment. The value of this gain in mechanical efficiency 
is apt to vary according to whether the industry involved 
has been the scene of little or much recent improvement 
in technical processes. 
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Second only to standardization, and in some instances 
of even greater value, is what is variously known as 
routing, scheduling, and despatching. We are told that 
productivity is often increased through this means alone 
by thirty or forty per cent, and that on occasions it has 
been observed to actually double the output. On the 
Canadian Pacific Railway despatching locomotive repair 
work was credited with saving three days' time or $300 
in expense in the case of each locomotive sent to the 
shops. Miss Wyatt testified that in some of the depart- 
ments of the cotton mill which she visited the gain 
seemed to be practically all due to routing. Good rout- 
ing shows results perhaps more instantaneously and 
more clearly than any of the other features of scientific 
management. No one sees danger in the introduction 
of either standardized equipment or routing. 

Regarding the extension of the authority of a plan- 
ning department to the smaller and seemingly unprofit- 
able details — as is the case when an instruction card is 
issued for every job, or a workman is coached in the 
best way of picking up a brick or thrusting a shovel — 
several things maybe said. In the first place the individ- 
ual instruction card was originally applied in connection 
with very large work, where there was an important tech- 
nical element involved, and where the application of science 
could not only save a considerable amount of the work- 
man's time, but also reduce the operating expense of heavy 
machines, the work being changed so frequently that 
general training could not meet all of the circumstances. 
As jobs become smaller, the issuing of individual in- 
struction cards becomes less profitable; as they become 
less technical or are repeated oftener, the cards become 
less necessary. But in the Watertown Arsenal, where 
as in other machine shops the instruction card serves as 
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a connecting link between an important technique and 
the every-day work, General Grozier declares 1 that 
" The saving in time results, aside from any increased 
efficiency of machines, chiefly from the effect of the in- 
structions given the workmen, by which their effort is 
more advantageously applied, and will involve no ex- 
hausting exertion on their part, nor such as should be 
disagreeable." The central feature of this instruction is 
the instruction card. 

Of intensive individual coaching, it may be said that 
this can be carried to refinement chiefly in cases where 
there is a great deal of repetition. In bricklaying, in 
shoveling, in carrying pig iron, there is gain in spending 
great effort to eliminate even a very small, useless 
motion. 

It may be said, indeed, of any sort of manual work, 
and even of much intellectual work, that economy in 

human m ny e.m en^ (i| i gth p innermost thing in efficiency.,* 

B~nTcon7r^^^ 

proposition. It requires careful training and a sympa- 
thetic handling of men, as well as a thorough knowledge 
of anatomy and physiology, the trade, and various in- 
struments of measurement. Consequently most of the 
scientific management leaders have steered clear of any 
great refinement in this matter, and scientific manage- 
ment can not be said. as yet to rest to any large extent 
upon savings of this nature,. 

"TFshould be born In mind, however, that the develop- 
ment and application of motion study offer a very large 
field for future profit. Even as regards work that is not 
repetitive, a general grounding of the worker in the 
science of effective movement would be of great if not 

1 Report of the Chief of Ordnance, 191 1, p. 673. 
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revolutionary importance. A more immediate and yet 
important gain should consist in the redesigning of 
machines and tools which the method readily suggests. 

Selection of workmen is of the most importance where 
heavy demands are made on some one faculty. Thus on 
heavy work, there is great gain in employing sturdy 
men ; on inspection, in using persons of quick sight and 
prompt motor reaction. The kind of selection which 
picks out for all-around work men who are above the 
average, is of course practiced by every employer as far 
as practicable. Under scientific management, the un- 
usually high pay makes it possible to carry this policy 
somewhat further. However, the idea that supermen 
only are to be retained is not enforced in practice as 
much as the literature of scientific management would 
suggest. The introduction of the system at the Water- 
town Arsenal was accompanied by no discharge. The 
old employees of the Tabor and Link-Belt concerns were 
retained under the new system. Emerson and Gantt 
emphasize the importance of setting tasks that any 
normal person can accomplish. It should be noted, 
though, that Taylor seems to have always been on a 
keen lookout for able men ; and that there is consider- 
able attention given under scientific management to 
transferring employees from jobs at which they are in- 
efficient to others for which they are better fitted ; pro- 
motion, too, is on a more scientific basis, because the 
management is in possession of adequate records of past 
achievements, and is also in closer touch with the men. 
But generally speaking, in the case of most of the plants 
which have installed scientific management, the selection 
and retention of employees is on a basis not radically 
different from that in other shops. 

Improved methods of handling stores under scientific 
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management not only facilitate all the other work of the 
shop and permit shipments to be made more promptly, 
but they also yield a direct financial profit in that they 
allow a reduction in the amount of materials kept on 
hand. At Watertown, $122,000 worth of materials, 
which had been rendered superfluous by the introduction 
of scientific stores keeping, was put into use in a short 
time. In the plant of the Link-Belt Company one-third 
less of stores per unit of output was required after the 
introduction of scientific management. 1 The cost of 
interest on capital, rent for storage room, and deprecia- 
tion was thus lightened. 

3. THE PLACE OF ORGANIZATION IN SCIENTIFIC 
MANAGEMENT 

The creation of a new and different sort of directing 
force, due to the new obligations assumed by scientific 
management, gave Taylor an opportunity to impress a 
character upon the field opened by his work. From the 
earliest days he first secretly practiced and then openly 
advocated the use of what he called a functional manage- 
ment, whose most striking feature is the creation of eight 
bosses where one existed before. Functional manage- 
ment has for many been identical with scientific manage- 
ment ; it is indeed in certain important shops the most 
noticeable feature connected with the system. At the 
same time — and this was particularly the case a few years 
ago — there has been a tendency on the part of some to 
regard functional management as essentially weakening. 

1 Before crediting this last entirely to scientific management, we should 
remember that after the introduction of the system, production was 
carried on on a somewhat larger scale, which might naturally lead to 
more efficient stores arrangements per unit of output. A reduction by 
one-third of the amount of stores required is not, however, at all 
unusual under scientific management. 



)84 SCIENTIFIC MANAGEMENT [458 

It is said that it means division of authority, and conse- 
quent irritation and expense. 

Harrington Emerson, for example, prefers his line and 
staff system, which centers authority in one boss, and 
draws upon a large staff for knowledge. John C. Duncan 
has written * favorably of the " departmental system," 
which he finds has come unconsciously into use in many 
plants. This divides the work between small depart- 
ments, each under the absolute control of one man. In 
a machine shop, for instance, one department might be 
composed of the men running large machine tools ; 
another, of those erecting large parts of engines ; a third, 
of the valve-setting gang ; a fourth, of those in charge of 
tool rooms ; a fifth, of those in charge of stores ; a sixth, 
of the riggers or crane men; a seventh, of repair men; 
and an eighth of those entrusted with tool making and 
grinding. Thus a large part of the functional arrange- 
ment is preserved, but there is no division of authority. 

With regard to these claims that functional foreman- 
ship means confusion and expense and therefore works 
badly, it may be said that experience shows that these 
evils do not always or necessarily result. There are many 
shops operating under scientific management where the 
original functional system operates quite smoothly. 
After all, the eight men are not really bosses in the old 
sense. Each controls only one aspect of the work, and 
the central authority is apt to rest very largely in one 
place. Moreover, the expense involved in having some 
eight bosses is largely offset by the fact that each boss 
can supervise a larger section of the shop; or, if must 
be, one boss may exercise several functions. 

In fact, it would seem that there is not much differ- 

1 Principles of Industrial Management, p. 192. 
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ence in practice between the management systems of 
Taylor and of Emerson, unless it might be in the spirit 
in which they are operated. Both are in reality types of 
a common species of functional management. There 
would seem to be no escaping the adoption of some 
such arrangement if scientific management is to exist at 
all. Functional management has the merit of tending 
to break down the sharp line of cleavage between superior 
and inferior. If the system were carried to its logical 
limits, the highest official would become subordinate to 
others with respect to certain details of his conduct ; 
while the humblest worker might quite properly be given 
a real authority in his own particular field. Also func- 
tional organization is the only sort of organization that 
can give free play to originative force. Most of the 
potential originality of subordinates fails to come to the 
surface under the prevailing types of management be- 
cause it must first pass through the consciousness of an 
over-responsible executive. 

Functional management, it may also be noted, is the 
one principle of scientific management which may be 
most readily and most profitably carried over into the 
neighboring fields of government, of education, and of 
human organization in general. 

4. HOW MUCH CAN SCIENTIFIC MANAGEMENT INCREASE 
THE NATIONAL INCOME? 

The productivity of scientific management cannot be 
calculated by adding together the values of its various 
features. A case may easily be imagined where a given 
increase in output would figure in one connection as due 
to selection of workmen, in another as the result of a 
bonus, in another as rendered possible by routing, and 
in another as brought about by functional management. 



!86 SCIENTIFIC MANAGEMENT [460 

For perhaps if any one of these various elements had 
been missing the gain would not have been effected, and 
so to each belongs the credit. 

Estimates as to the total productivity of scientific man- 
agement have been made for various specific plants as 
follows : the Tabor Manufacturing Company's product 
is now said to be worth two and a half times as much, 
and to be in quantity three times as great as before the 
introduction of scientific management — this in spite of a 
reduction in the number of employees. The productive 
efficiency of the Link-Belt plant has been doubled. The 
Watertown Arsenal estimates were reduced by $240,000. 
In the cotton industry, productivity was increased enough 
to cover an advance in wages amounting to about 30 
per cent. For the Ferracute Machine Company, the 
expense of doing a large number of jobs was reduced 
to 47 per cent of what it had been, which equals a new 
productivity amounting to 213 per cent of the old. 
Under scientific management the average individual 
handles quantities of pig iron equal to 380 per cent of 
his former task. Yard laborers at Bethlehem (shovel- 
ing) increased their output to 368 per cent. Brick- 
layers perform tasks enlarged to 270 per cent. As many 
bicycle balls were inspected by 35 girls as had been 
handled formerly by 120. On the Santa Fe, it was esti- 
mated that $1,250,000 was saved in one year. 

There are dangers, however, in taking a specific ex- 
ample of the success of scientific management and re- 
garding it as illustrative of what the system is capable 
of doing. The test of measuring the material output of 
a concern before and after the introduction of scientific 
management is in some cases a good criterion. In the 
instance of a great deal of the best work, however, the 
use of high-speed steel has had much to do with multi- 
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plying the product. Thus the achievements in the 
Tabor, Link-Belt, and Watertown Arsenal plants have 
been in no small measure due to bringing machines and 
methods of work into harmony with this technical im- 
provement. Again, a comparison of profits is apt to be 
misleading, since gain varies with commercial relations 
quite as much as with good or bad management. There 
is furthermore a possibility that the reason why reor- 
ganization is attempted in a plant is because efficiency 
is at a very low ebb. Prosperous concerns rarely desire 
to change so fundamental a thing as their organization. 
Thus the Tabor enterprise was previously unprofitable, 
and badly managed. Even where a plant is forging 
ahead, and there seems to be no question but that the 
increase is due to scientific management, it may well be 
that it was partly the individual genius of some unusually 
able man which rendered the reorganization successful. 
Other able men who know nothing of scientific manage- 
ment might possibly be making just as great increases 
in the productivity of their plants. 

These considerations are mentioned not with the idea 
of showing that scientific management has failed to in- 
crease productivity, for they do not prove that. They 
are designed merely to point out the difficulties con- 
nected with accepting as at all exact many of the various 
estimates as to what the system has accomplished. We 
should profit by the experience of those who once 
thought that they could make such calculations with 
reference to the Santa Fe, but who have long since been 
convinced that the problem is too complicated for even 
a rough solution. 

There are, however, certain general conclusions which 
may be stated with reference to the power of scientific 
management to increase the national income. There 
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can be no question but that there are great numbers of 
men who are glad to do far more work than has been 
their custom, in return for extra pay amounting to 20 
per cent, 30 per cent, and up. The fact that employers 
are eager to give them this bonus shows that their in- 
creased productivity is greater than — let us say — 30 per 
cent. Indeed, it seems probable that on many kinds of 
work the increased worth of employees runs well up to- 
wards 100 per cent. 

Before jumping to conclusions as to how great an in- 
dustrial advance can be effected by the working-out of 
this scheme, one must take into consideration the fact 
that not all the employees in any shop can be put on a 
bonus. Further, only a small per cent (according to 
Taylor, 1 17 per cent) of this country's industry is even a 
field for interest arousing devices. Such are needed 
only where industry is organized on a considerable scale 
— " coordinated," as Taylor put it — and hence subject to 
the evils of ordinary wage systems and amenable to im- 
provement under scientific management. 

If, however, scientific management is found to be im- 
portant chiefly where industry is organized on a con- 
siderable scale, it is possible that this very fact will cause 
an enlargement of that sort of industry. Scientific man- 
agement may, in short, create its own field, and the 
productivity of the system may prove much greater than 
an estimate obtained by calculating the gain possible in 
each plant as industry is now organized would indicate. 

We have been speaking thus far of scientific manage- 
ment's methods of holding employees responsible for a 
iull day's work. The greatest hopes for the future % 

productivity of the system, however, are bound up with Sj 

5 
1 Testimony before the Industrial Relations Commission, April, 1914. 



\ 



463] PRODUCTIVITY OF SCIENTIFIC MANAGEMENT ^9 

that second phase, which aims to put brains rather than 
muscle into the work. Here management gives rise to 
invention,. It draws within itself able men, who master 
the technique of industry, and simplify, rationalize, co- 
ordinate, and make over the activities of all the members 
of the working force. The work itself is gradually 
transformed; so that the ultimate gain in productivity 
would seem to have no assignable limit. 

This last is the side of scientific management which 
appeals most to the imagination; and it will no doubt 
become eventually — if it is not already — the big feature of 
the system, both in the amount of attention received, 
and in the actual results accomplished. We cannot, 
however, capitalize these hopes at any precise figure. 1 

1 To give Mr. Taylor's view as to the productivity of scientific man- 
agement : it has already " been introduced in a great number and 
variety of industries in this country, to a greater or less degree, and 
in those companies which have come under scientific management it is, 
I think, safe and conservative to say that the output of the individual 
workman has been, on the average, doubled." (Testimony before 
special House committee, Hearings, p. 1389.) In the future, " The 
general adoption of scientific management would readily .... double 
the productivity of the average man engaged in industrial work.'' 
(Principles of Scientific Management, p. 142.) Not bnly would this 
be true with regard to manufacturing establishments, but also " the 
same principles can be applied with equal force to all social activities: 
to the management of our homes; the management of our farms; the 
management of the business of our tradesmen, large and small; of 
our churches, our philanthropic institutions, our universities, and our 
governmental departments." (Ibid., p. 8.) 



CHAPTER VII 

Scientific Management as a Solution of the Labor 

Problem 

In various passages in the preceding chapters atten- 
tion has been centered upon the attempt of scientific 
management to arouse the initiative of the individual 
workman. This task, it shouFd be noted here, a nd not 
t he -existe nce of unions, constitutes, according to Mr. 
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Thus, risk in production arises not so much from the 
evident mismanagement, which plainly discloses itself 
through occasional strikes and similar troubles, as from 
the daily more insidious and fatal failure on the part of 
the superintendents to secure anything even approaching 
the maximum work from their men and machines." 1 It 
may be said, therefore, that in explaining elementary 
time study, task setting, and the bonus, we have already 
discussed what the organization experts regard as the 
solution of the big end of the labor problem. There is, 
however, another " labor problem." Scientific manage- 
ment not only claims to better the relations between 
the individual and the management, but it also professes 
to find a solution for the strike problem, and to affect 
vitally the tendency of workmen to organize. This, the 
real " labor problem," 2 as the term is commonly used, 
will be the subject of discussion in the present chapter. 

1 " A Piece-Rate System," Transactions of the American Society of 
Mechanical Engineers, vol. xvi, p. 860. 

2 We have in this treatise (somewhat arbitrarily) subtracted from the 
term " labor problem " its broader significance which involves the gen- 
eral welfare of the working classes. 

190 [464 
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I. THE VIEWS OF THE ORGANIZATION EXPERTS WITH RE- 
SPECT TO TRADE UNIONS 

One can get the point of view of the organization ex- 
perts respecting trade unions only by first looking, as if 
through their eyes, at the industrial conditions against 
which their system is a protest. When Frederick W. 
Taylor decided to develop a scientific management, his 
analysis of ordinary industrial relations started with the 
observation that antagonism amounting almost to war 
now separates employers and men. The primary reason 
for this state of affairs is the fact that both profits and 
wages are drawn from one fund, the excess of selling 
price over expense. 

Thus it is over this division of the surplus that most of the 
trouble has arisen . . . Gradually the two sides have come 
to look upon one another as antagonists, and at times as even 
enemies — pulling apart and matching the strength of the one 
against the strength of the other. 1 

The natural gulf between employers and men is 
widened because the men have an idea that it is to their 
interest to restrict output. The attempt to restrict out- 
put, Taylor declares, dates back to the introduction of 
the power loom, the fear that machinery would cause 
unemployment having then bred bitter opposition and 
much violence on the part of the impoverished hand 
weavers. Though the abler labor leaders of to-day hold 
that improvement in manufacturing technique is bene- 
ficial to all, they, too, are on the guard against the crea- 
tion of high records by workmen, lest these be used as 
an excuse for cutting piece rates or speeding up the 
men. 

1 Taylor, Hearings before Special Committee of the House of Repre- 
sentatives to Investigate 1 the Taylor and Other Systems of Shop Man- 
agement, p. 1388. 
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Conflict over the division of the surplus, and this 
struggle to raise or lower output, together with the 
often inhuman policy of manufacturers towards hours 
and working conditions, have made it necessary for the 
employees to organize. Industry has been rent asunder 
by the warfare between employers' associations on the 
one hand, and labor unions on the other. Taylor recog- 
nized this development as natural under the circum- 
stances, certainly as far as the men were concerned. He 
was not bitter in his attitude towards either leaders or 
men, as evidenced by the following typical statement : ' 
"... while I shall have to say quite a little in the way 
of blame as to the views and acts of certain labor leaders 
during my talk, in the main I look upon them as strictly 
honest, upright, straightforward men." Moreover, many 
years earlier, when Taylor could not yet have had his 
later strong motive for courting favor with labor men, 
he said:'" 

The writer is far from taking the view held by many manu- 
facturers that labor unions are an almost unmitigated detri- 
ment to those who join them, as well as to employers and the 
general public. The labor unions — particularly the trades 
unions of England — have rendered a great service not only to 
their members, but to the world, in shortening the hours of 
labor and in modifying the hardships and improving the 
conditions of wage workers. 

However, labor unions were founded and owe their 
present usefulness to the existence of the above state of 
warfare, an industrial system which, according to Dr. 
Taylor, is entirely wrong. Mr. Taylor, therefore, ac- 
knowledged that under prevailing circumstances unions 

1 Hearings, p. 1380. 

2 " A Piece-Rate System,'' Transactions, vol. xvi, p. 882. 
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are desirable. But, in his view, the circumstances them- 
selves need to be changed, and can be changed. 

The central idea in Taylor's new industrial system is 
the substitution of "harmony" for " antagonism " : the 
development of a new ' mental attitude" on the part of 
the employers and the employees towards the work, 
according to which they cooperate instead of contend 
with one another. The virtue in scientific management 
that is said to bring about this change is, first, the eli- 
mination of grounds for contention by determining 
through scientific analysis the proper task, wage, and 
working day for each individual, the results being deter- 
mined according to the laws of human nature and in a 
spirit of fairness and liberality; and second, the intro- 
duction of a positive teaching that the management 
should cultivate good feeling and mutual understanding 
in its relations with the men. The more obviously in- 
fluential of these two means of encouraging better rela- 
tions is the first; it is effective directly in that it destroys 
grounds for dispute; and indirectly, in that the accom- 
panying enlargement in the numbers and activity of the 
management means that more personal attention mayjbg^ 
given to the men, and more of the men may be promoted 
to positions of responsibility. Mr. Taylor, however, laid 
more stress on the second cause, and not without some 
justification ; for the dozen or so leaders most promin- 
ent in the scientific management movement have indeed 
been unusually well disposed towards their men, and it 
is this attitude which is partly responsible for the good 
feeling which prevails in their shops. But whichever be 
the explanation adopted, there is abundant testimony to 
the effect that the alleged harmony does in many cases 
materialize ; and so it must be dealt with as a reality, and 
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given due recognition as a possible solution of the labor 
situation. 1 

Under the system thus described, what place do the 
scientific management experts reserve for the trade 
union? Scientific management may permit the organi- 
zations to remain ; but, if so, they are at least to be 
shorn of all their more important former functions. As 
one reason for this, the experts explain that scientific 
management is too complicated for the men to under- 
stand; therefore they should have no control over it. 
But a much more fundamental reason why the unions 
must be devitalized is that under the new system there 
is nothing for them to look after. Harmony has now 
taken the place of antagonism. The ereat quesHbns of 
wages, hours, and tasks are to be decided by science 
rather than by war. The one real problem — that which 
is basic in all industry everywhere — is to increase the 
output, to make the surplus so enormously great and 
the share of each individual so considerable, that there 
will no longer be a temptation — as indeed there never 
has been a use — to quarrel over the division of the 
profits. In attaining this one great end management 
and men are equally interested. The welfare of each in- 
dividual is the gain of every other. All are co-partners. 

Among the various persons cooperating, the scientific 
management men say that the more intelligent should 
rule ; the workmen should leave the working-out of the 
science of wages and tasks, as well as all important direc- 

1 While visiting the shop of the Link-Belt Company, the writer was 
strongly impressed by the cordial feeling existing between the manage- 
ment and the men. The superintendent, as well as the president of the 
company, professed to know all the employees by name. The super- 
intendent has taken a personal interest in their individual welfare, tried 
to help various ones to good positions, and frequently given more 
thought to the men's interest than have the latter themselves. 
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tion of industry, to those best fitted for the same, namely, 
the management. Is it not ridiculous to decide how a 
shop should be run by "counting noses"? What pos- 
sible intelligence could be added through the collective 
bargain ? In short, the philosophy of scientific manage- 
ment holds that a good management, like a good father, 
directs those under its care in ways more satisfactory 
than the latter could themselves choose. Above all, 
workmen should be treated individually and according 
to their personal peculiarities, not " herded " together in 
masses. 

Thus, while Taylor expressed himself as willing that 
unions should exist to carry on educational and welfare 
work among their members, he was, as a matter of fact, 
opposed to organizations of the type that concern them- 
selves with wages, hours, and output. As these are the 
prime ends of modern unionism, we may conclude that 
organized labor has met with scientific management's 
disapproval. 1 

Another, and perhaps a sounder, way of looking at^the 
situation is that expressed by H. K. Hathaway. He 
says that to organized labor in itself scientific manage- 
ment has no objection, but that the body of labor union 
doctrine and policy is permeated by opposition to pro- 
gressive industry.' It is because scientific management 

1 " Mr. Godfrey. Can you say in one syllable what the relation of the 
labor unions should be to scientific management? 

" Mr. Taylor. Of all the devices in the world they ought to look 
upon scientific management as the best friend that they have. It is 
doing in the most efficient way every solitary good thing that the labor 
unions have tried to do for the workman and it has corrected the one 
bad thing that the unions are doing— curtailment of output. That is 
the one bad thing they are doing." Testimony before special House 
committee, Hearings, p. 1508. 

2 It is against certain tendencies of trade unionism most fully exem- 
plified in England that Taylor lodged his strongest protest: He said 
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and the trade unions are seeking opposite ends that they 
are hostile. 1 

2. A SKETCH OF THE RELATIONS BETWEEN SCIENTIFIC 
MANAGEMENT AND ORGANIZED LABOR 

The story of the actual relations between scientific 
management and organized labor is shorter than might 
be expected considering the strength and conflicting 
ideals of the two forces, for the reason that until recently 
the movements have not had many points of contact. 
Thus Philadelphia, the birthplace of scientific manage- 
ment, the home of Taylor and a group of other leaders, 
and the seat of the most advanced development of the 
system, is not a strongly unionized center. H. K. 
Hathaway, speaking of machine shops, testified before 
the Interstate Commerce Commission that he did not 
know of a closed shop in the city. 2 Likewise in the 
case of the Bethlehem Steel Company, it was said that 
in the early part of 1910 not a single employee was a 
member of a trade union ; 3 and we are told that on the 
Santa Fe railway the bonus system does not apply to 
any union men. 

that an investigation covering thirty trades showed that English work- 
men produce less than one-third as much as American workmen. (Tay- 
lor, testimony before Industrial Relations Commission [Washington, 
April, 1914], typewritten Hearings, p. 1225.) The English situation 
Taylor regarded as a triumph of trade union principle. 

1 For the views of the trade unions with respect to scientific manage- 
ment, cf. H. B. Drury, "Organized Labor and Scientific Management," 
Industrial Engineering, March, April, May, 1914. 

2 Evidence Taken by the Interstate Commerce Commission in the 
Matter of Proposed Advances in Freight Rates by Carriers (1910), p. 
2672. 

3 Report on Strike at Bethlehem Steel Works, Sen. Doc. no. 521, 61 
C 2 S. 

4 According to Vice-President W. B. Storey, Correspondence, March 
17, 1914- 
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Though for a long time there was thus little or no 
direct contact in connection with which an issue could 
develop between scientific management and organized 
labor, the new system may, nevertheless, have some- 
times been used to prevent the possibility of unions 
forming, or to ward off strikes. Harrington Emerson 
was called to the Santa Fe immediately following a strike 
among the machinists, boilermakers, and blacksmiths. 
The Tabor Manufacturing Company had been incon- 
venienced by labor troubles shortly before it sought 
reorganization. One of the best known experts once 
spoke to us with satisfaction of the manner in which, in 
a certain factory where there had been a number of union 
men, the labor organization had, upon the introduction 
of scientific management, gradually disintegrated. Fred- 
erick W. Taylor himself told the Industrial Relations 
Commission {Hearings, April, 1914) that members of 
labor unions had left in large numbers at Midvale, Beth- 
lehem, Tabor, Link-Belt, and to a certain extent every 
company where he had ever been. Thus, while for many 
years there appears to have been no rupture between the 
two movements, it is possible that from the very first 
scientific management was here and there retarding the 
growth of the union idea, through building up loyalty to 
the management. 

It is of interest to note the effects of scientific manage- 
ment on the labor problem in those earlier years when 
its development was carried on comparatively quietly; 
for the investigation shows that between the system and 
the men who work immediately under it there is no 
original cause for quarrel. From 1882 (when the system 
was started) until 191 1, a period of approximately thirty 
years, there was not a single strike under it, * and this 

1 Taylor, before special House committee, Hearings, p. 1390. 
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in spite of the fact that it was carried on primarily in the 
steel industry, which was subject to a great many dis- 
turbances. For instance, in the general strike in Phila- 
delphia, one man only went out at the Tabor plant, while 
at the Baldwin Locomotive shops across the street two 
thousand struck. 1 This is said to be typical of experi- 
ences which have occurred again and again. 

That the early gulf between scientific management and 
organized labor was partly a matter of accident, or at 
least one not incapable of being bridged over, would 
seem to be indicated by the fact that with the spread of 
the system into new parts of the country and into a 
greater variety of industries, the principles have at 
points met with a rather favorable reception from union 
men. In most shops, indeed, the numbers of union men 
are small and their influence insignificant. 2 But in cer- 
tain cases, as in bricklaying 3 and printing, 4 the leading 
features of scientific management have been introduced 
into closed shops. In one case at least the collective 
bargain has been utilized. 5 

In general, however, the passing years have brought 

1 Hathaway, before Interstate Commerce Commission, Evidence, p. 
2671. 

2 The managers may state that they have a few union men, but don't 
know exactly how many — in fact don't pay much attention to such 
matters — which shows, of course, that the unions might as well not 
exist. See Hathaway's testimony before Interstate Commerce Com- 
mission, Evidence, p. 2672. 

3 See supra, pp. 139-140. 

* John H. Williams, before Interstate Commerce Commission, Evi- 
dence, p. 2781. 

5 'See supra, p. 209. Scientific management operating under the col- 
lective bargain, is, however, a very rare phenomenon. Mr. Taylor 
more than once declared his ignorance of any such cases. See testi- 
mony (January, 1912) before special House committee, Hearings, 
p. 1444, and again, p. 1508. 
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intensified opposition rather than cooperation between 
scientific management and organized labor. Serious oppo- 
sition may be said to have been begun in 191 1, immedi- 
ately after certain testimony presented before the Inter- 
state Commerce Commission revealed to the country the 
strong movement setting towards scientific management. 
National labor leaders, wide-awake as to what might 
happen in the future, decided that the new movement 
was a menace to their organization, and at once inaugu- 
rated an attack. The opposition reached its culmination 
when in 1913 and 1914 the annual conventions of the 
American Federation of Labor adopted resolutions con- 
demning the system. The arguments advanced, having 
to do with the human side of industrial life, will be dis- 
cussed in the next chapter. Here it is only necessary 
to state that the present opposition was started in very 
high labor quarters, that it was probably adopted more 
as a policy for the future than because of serious damage 
done in the past, and that it has centered about the in- 
stallation of scientific management in the government 
arsenal at Watertown. The attack there, having gained 
the ear of Congress, has met with at least temporary 
success. 1 But outside of the Government service, the 
opposition does not seem to have retarded very much 
the introduction of the system. In plants that have had 
a mind to install it there has usually been no serious 
trouble. However, the agitation has aroused in work- 
ingmen, as well as in the general public, an interest in 
the question as to whether scientific management is right 
or wrong. Especially is the public desirous of solving 

1 For outline of the principal events connected with this struggle at 
Watertown, see supra, pp. 154-156, and for evidence as to the true situa- 
tion there, infra, pp. 211, n., 213-217. 
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the problem of the relationship between scientific man- 
agement and the unions. 1 

3. IS SCIENTIFIC MANAGEMENT A SATISFACTORY SUBSTI- 
TUTE FOR THE COLLECTIVE BARGAIN? 

To state the precise point at issue it may be said that 
during the last half century the leaders of public opinion 
in matters concerning industrial relations have come to 
look with favor upon the organization of workmen. Even 
Taylor recognized a field for trade unionism under the 

1 In April, 19/14, the Industrial Relations Commission spent four 
days taking testimony on scientific management. The commission sub- 
sequently authorized a more exhaustive investigation, which was under- 
taken by the late Professor Robert F. Hoxie, assisted by the late 
Robert G. Valentine, an " industrial counselor " of Boston, and John 
P. Frey, editor of the International Molders' Journal. The results of 
this investigation are summed up in Hoxie's book, Scientific Manage- 
ment and Labor, a book which is perhaps the most thorough criticism 
of scientific management, both in theory and practice, which has been 
made. 

Professor Hoxie evidently believed that scientific management repre- 
sents the dominant trend in present day industry; but his inquiry as 
to where the system needs strengthening, and his statement as to the 
occasions an which it has fallen down, is in such a style that the reader 
is apt to interpret it as a rather bitter attack upon the movement. The 
foundamental error would seem to consist in singling out for examina- 
tion the places where the thing is not, rather than the places where it 
is successful. 

If one is interested primarily in solving the immediate problems 
presented by the rise of scientific management, then the suppression 
of charlatanism and the eradication of failure is, indeed, of the 
greatest importance. But if one wishes to know what the world is 
ultimately to expect from scientific management, then one must select 
for study those plants and those men who have shown how the goal is 
really to be attained. 

Only such a procedure can determine whether the movement is in- 
herently good or evil. Professor Hoxie has, however, performed an 
important service by showing that the mere determination on the part 
of a management to be "scientific" by no means frees it from the 
liability to error, and that workers under this as under all other sys- 
tems should therefore have the protection of democratic checks. 
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prevailing type of factory management. But now we are 
told that a new organization of industry called scientific 
management does away with the importance of labor 
organizations, and especially obviates the necessity of 
that wholesale method of reaching an agreement as to 
wages, hours, and working conditions, known as the 
collective bargain. Perhaps, therefore, the most im- 
portant subject for inquiry connected with the entire 
topic of scientific management is the question as to how 
the new system is likely to affect the need for, and the 
character of, the activity of labor unions. 

a. Scientific Management Removes from Labor Some 
Incentives towards Organization 

Scientific management, especially of the true sort, may 
be expected to weaken the forces which have in the past 
tended to solidify the ranks of labor. In the first place, 
centralization of authority in the hands of the manage- 
ment loosens the bond of common trade secrets and 
craft skill, which now makes brothers of the small group 
of men engaged in any given occupation. Especially is 
this true where unskilled persons are put at work form- 
erly requiring long experience, the men being employed 
simply to work, and not because they have any specialized 
knowledge. 

While trade lines are broken down under scientific 
management, or there is a tendency in this direction, 
this does not mean that all the men are placed on one 
common footing as over against the members of the 
management. On the contrary, there is a greater dif- 
ferentiation than ever before between the various em- 
ployees. In fact, instead of there being two large groups 
of persons, one at the top and the other at the bottom, 
a goodly number of employees are scattered in between. 
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The management itself contains high positions for some 
of the abler workmen, a considerable proportion of the 
men being employed as functional foremen. The others 
are given specialized work to do varying in character 
and remuneration, payment being where possible on an 
efficiency basis. Thus there is a change in the center of 
gravity which makes the management side much heavier. 
Class lines by occupation are blotted out, and distinction 
according to individual capacity is substituted. By pro- 
motion — or the pursuit of it — overflowing energy is 
drawn off. Indeed the situation corresponds to that 
which exists in agriculture, where the relatively large 
number of farmers, as compared with " hands," opens a 
way for every one to reach the top, thus forming an 
effectual safety valve against the formation of class sen- 
timent. 

As long as scientific management is installed in only a 
small portion of industry, the fact that the system en- 
deavors to pay the men working under it higher wages 
than they would earn in competing plants makes it diffi- 
cult to see what benefits could be derived by organiza- 
tion. It is the policy of the employer to give voluntarily 
whatever remuneration may be necessary in order to 
secure not only the time, but also the good will of the 
workmen. This rate is necessarily considerably higher 
than the men could gain by force. Therefore the favored 
few working under it are apt to think it prudent to " let 
well enough alone." 

As scientific management is introduced more gen- 
erally, this last argument of course vanishes. However, 
it is probable that in the future, even more than in the 
present, the up-to-date employer will find it a paying 
policy to relieve some of the conditions which have in 
the past spurred men on to collective action. Thus the 
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relations between the men and the management will be 
made more pleasant, and much of the incentive to orga- 
nize will be removed. 

Above all, scientific management deals with the indi- 
vidual, while the hope of the labor union rests upon the 
consolidation of the masses. 

b. Scientific Management, however, Does not Adequately 
Perform the Functions of the Collective Bargain 

From this enumeration of the difficulties which a trade 
union meets when it tries to operate under scientific 
management, we turn now to criticize scientific manage- 
ment's own effort to solve the labor problem. It may 
be pointed out first that, contrary to the conviction of 
the advocates of scientific management, the relation be- 
tween management and men is not inherently one of 
harmony ; nor should their relationship be a pure antag- 
onism ; but employers and employees have many interests, 
some of which are nearly identical, others directly con- 
flicting : it is necessary for both that the factory continue 
in operation; yet an employee might easily desire twice 
or a hundred times as big a wage as the management 
might desire to give. 

In the second place, it is questionable whether there 
is a " scientific " way in which a correct reconciliation 
of interests can be affected. Dr. Taylor's method of 
dividing the surplus, even if quite satisfactory to the 
workman, is scientifically exact only in the sense that it 
gives the highest possible returns to the management. 
The scheme of wage payment under scientific manage- 
ment consists in giving the usual day rate, and then 
adding, for successful completion of a set task, a bonus 
ranging from 20 or 30 to 100 per cent, according to the 
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kind of work. 1 Now, the " scientific " features of this 
plan are the determination of a proper task, and of a 
proper percentage of bonus. The determination of a 
proper time for the doing of a given piece of work may 
indeed be undertaken according to scientific methods. 
But when it comes to a decision as to the number of 
hours in the working day, the day rate, and the percent- 
age of bonus, it is misleading to apply the term " scien- 
tific." The length of the working day should be fixed 
with a view of enabling the employee to get the most 
satisfaction out of life, as well as the greatest possible 
work out of his limbs. The general level of day wages 
is the resultant of countless bargains ; there may indeed 
be no close bargaining under scientific management, but 
the process is certainly being carried on by someone 
somewhere. Should scientific management spread to 
the whole, or even to a considerable part, of an industry, 
these bargains would have to be carried on as a part of 
the system itself, and the setting of the day rate would 
then be shorn of even the semblance of scientific charac- 
ter. As regards bonus determination, Taylor explained 
the " science " to the special House committee as 
follows : 2 

Half a dozen men were set at performing certain tasks 
for a period of six months on a premium of 15 per cent. 
Another set of men were put on trial at a 20 per cent 
increase, another set at 25 per cent, another at 30 per 
cent, another set at 35 per cent, and so forth. Now, of 
the half a dozen who were working at 15 per cent 

almost all of them came at the end of the six months and said, 

1 For an enumeration of different kinds of work and their bonus 
percentages, see supra, p. 70. 

2 Hearings, p. 1498. 
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" Now, see here, Fred, I have tried that scheme of yours, 
and I do not like feeling all the day long that I am tied down 
to any old pace, or to a new way of doing things. I should 
prefer going back to the old way." ... At the 20 per cent 
increase almost all of the men asked to return to their old 
conditions and their old pay. At the 25 per cent increase 
more than half of them stuck to the new conditions. ... At 
the 30 per cent increase all but one stuck to the new plan. 
At 35 per cent my remembrance is that all stuck. ... It was 
in this way that we got at these percentages. I call that a 
scientific experiment. . . . 

But is this science ? Is it not rather a scientific way 
of bargaining? Has not Mr. Taylor simply asked men 
to do work of very large value, and then found out by 
trial the least amount for which they will cheerfully per- 
form it? Would this rough-and-ready solution of the 
wages question, which has worked so well where all are 
enjoying a careless prosperity, meet the situation when 
neighboring concerns begin to adopt the same methods, 
and costs and receipts are counted more closely by both 
men and management ? We would summarize our dis- 
cussion thus far by expressing the belief that the " har- 
mony" and "science" of Taylor's system, though very 
valuable, are really but the oil and skilful handling that 
make the machinery of wages determination run smoothly. 
Possibly for a time the amazing productivity of the 
system has brought the dollars so fast that the recipients 
have been content to watch them roll in. But if the 
system becomes at all general, employees' ideals as to 
income will expand, and with the opening of more shops 
in which the system has been installed there will be 
more competition for their services — not to mention 
the possibility that managers' ideals as to wages may 
contract. Then wages will again be what the men can 
get and what the employers have to pay. 
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In the final analysis, then, scientific management's 
method of handling the labor problem consists in reach- 
ing an understanding between the employing corporation 
on the one hand and the individual workman on the 
other. Perhaps the management is very considerate in 
its dealings with the men ; but whether that is so or not, 
the point to be noted here is that there is no appeal from 
the management's decision. It is a case of the indivi- 
dual liking his treatment by the management, and stay- 
ing, or disliking the conditions of his employment, and 
quitting. 

According to many, this relationship is a fit one for 
the basis of an industrial system. They think that it is 
fair to all, because any individual who is dissatisfied can 
withdraw. But does such a relationship between a huge 
corporation capitalized at many millions perhaps, on the 
one hand, and a poor workman on the other, place the 
two on an equal footing? Suppose that the workman 
does not want to work on Sundays : is the management 
likely to care very much if he registers a complaint? 
Suppose that he feels that he is underpaid : would it 
not often be a worse evil to pack up his belongings and 
move away from his old home to some distant place to 
get beyond the authority of his former employer? As 
a matter of fact, the individuals of to-day are too many, 
and the corporations of the country too few, to permit 
of an equal contest. Thus nothing less than the entry 
of the Federal Government into the parcel post field 
could bring down the rates of the express companies. 
In the case of the railroads, the establishment of tariffs 
by competition has of necessity been abandoned, and 
control has been placed in the hands of the Interstate 
Commerce Commission. Of course few workmen are as 
helpless against their employers as shippers against a 
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railroad. Nevertheless such a combination as the United 
States Steel Corporation, when unrestrained by labor 
organizations, has a power over the lives and welfare of 
its employees resembling that of a court of justice. 

The question amounts simply to this : is it wise to 
place so much authority in the hands of a corporation, 
even though it be scientifically managed and of a kindly 
disposition? It must be remembered that the board of 
directors represent the financial interests. Where there 
is a conflict between human and moneyed interests, is it 
reasonable to rely entirely on the judgment of those 
who represent the latter? In minor matters it might do. 
But it is not the spirit of the American people to toler- 
ate such a procedure when it comes to anything that is 
worth while. In modern times little can be done by 
individuals working alone, and so for the purpose of 
promoting all their leading interests, men join forces in 
innumerable organizations. Is there any reason why 
matters of wages, hours of labor, and working condi- 
tions should be an exception to the general rule? Cer- 
tainly these things are as important as any others. It 
would seem that in the case of workingmen the need for 
organization would be greater than in most cases. For 
the individuals have neither the time nor the aptitude to 
bargain cleverly with their employers or to keep in 
touch with the possibilities in competing fields: they 
need leaders; they need organization. 

4. THE POSSIBILITY OF COORDINATING TRADE UNIONISM 
AND SCIENTIFIC MANAGEMENT 

Though scientific management is based on a philosophy 
that is at variance with that of organized labor, and 
though its features appear to turn the activities of work- 
men into other channels than those of trade unionism, it 
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would be quite possible, if the necessity arose and both 
sides were willing, to bring the two into cooperation. 
Such a step could be taken much easier to-day than some 
years ago, because of certain changes in the methods of 
the scientific management men themselves. Thus in- 
stead of the differential rate, which would be rather hard 
to bring under the collective bargain, the management 
experts have voluntarily reverted to the day rate principle, 
supplementing the same with a bonus whose rate is uni- 
form for an entire trade. Both the day rate and the rate 
of bonus could very easily be made the objects of the 
trade agreement. The setting of tasks jointly would be 
neither so necessary nor so simple; yet this, too, could 
probably be brought under the system. 

To the objection that the men do not understand 
scientific management, and therefore could not speak 
with reference to it through their unions, it may be 
replied that the unions would not need to take the initi- 
ative in putting the system into operation. Organized 
labor would have to go into the matter only far enough 
to make terms with the management ; and even under the 
present system the workmen must be able to do as much- 
If men are to work under scientific management at all, 
an understanding must be reached regarding wages, tasks, 
etc. ; and why should it be harder to do this collectively 
t han individually ? 

It may be said, therefore, that the main obstacle to the 
introduction of the collective bargain as a part of the scien- 
tific management system is not that the former could 
not possibly be applied, but that the management experts 
regard it as worthless. Thus Taylor said : ' " Under these 
circumstances, then, [cooperation between management 

1 Before Special House Committee, Hearings, p. 1444. 
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and men] collective bargaining becomes a matter of trif- 
ling importance. But there is no reason on earth why 
there should not be collective bargaining under scientific 
management just as under the older type, if the men 
want it." General Crozier thinks that scientific manage- 
ment should even facilitate collective bargaining. For 
when the time study has been made, the question as to 
how much is to be paid for work can be settled by agree- 
ment ; and the result of the time study should furnish 
the workmen with a vastly better ground upon which to 
bargain about wages. 1 

The collective bargain is not only capable of being 
applied; it has been actually tried out. David Van 
Alstyne is responsible for the following account : * 

I made an agreement with the molders' and blacksmiths' 
union, which was the ordinary trade agreement, but the prin- 
cipal feature of it was that the union committed themselves to 
a maximum output of which the company was to be the judge, 
and the basis of it was the Emerson standard time system, and 
a bonus paid for efficiency about two-thirds in addition to a 
straight day's wages. ... In order to facilitate matters, we 
agreed to make the standard times by means of a demonstra- 
tor, and if there was no objection to that, we put the time 
into effect, and it became the standard ; it was provided for in 
the agreement that the shop committee could object at any time 
they wanted to , and if the shop officials and the shop committee 
could not agree, it was further provided that it would be offi- 
cially settled by me and the head of the union. 

To this last method it was never to resort. There 
was no provision for reference of disputes to a third 

1 Report of the Chief of Ordnance, 1912. 

'Testimony before Industrial Relations Commission', typewritten 
Hearings, p. 1680. 
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party. The above is the one example, as yet given pub- 
licity, of scientific management brought under the col- 
lective bargain. 

The general public, which desires to see industrial 
feudalism supplanted by industrial democracy and never- 
theless sees many good things in scientific management, 
hopes that the slight tendency to cooperation which has 
been thus far manifested will be strengthened, and that 
the better features of the two movements will eventually 
become the complementary parts of a single solution of 
the labor problem. 

It is probable, however, that the present form of labor 
organization could not function in an industrial world 
made over entirely, according to the plan of scientific 
management. Most present labor organizations are 
trade or craft unions. Their bargaining power is based 
upon the monopolization of craft knowledge by particular 
groups of men. But scientific management breaks down 
crafts and itself absorbs all technical knowledge. Some 
form of industrial unionism, syndicalism, gild organiza- 
tion, profit sharing, or labor copartnership — whatever it 
may seem best to call it — will therefore have to be de- 
veloped if labor is to connect up with the new manage- 
ment. 

According to Professor Hoxie, it is this fact, that 
" scientific management, properly applied, normally func- 
tioning, spells the doom of the craft unionism as it exists 
to-day," which constitutes the real answer to the ques- 
tion, why organized labor opposes scientific manage- 
ment. 1 

1 From an address given at Rochester, March 6, 1916. 



CHAPTER VIII 
The Human Side 

A verdict as to the merits of scientific management 
should obviously be based on the changes that the system 
has itself introduced. If one sees under scientific man- 
agement men working at tasks that are monotonous, or 
if the jobs described seem ugly and repulsive, or do not 
give sufficient play to ambition, those failings are not 
necessarily the fault of the reorganization. They may 
be sore spots inherent in the prevailing industrial order. 

Of the changes which scientific management has intro- 
duced into industry, some need no discussion in a chapter 
dealing with the effect of the system upon the welfare of 
employees. They are recognized by all as harmless, and, 
in so far as they increase the productivity of industry, 
they clearly conduce to the public benefit. The main 
problems which here deserve attention are those which 
grow out of stop watch time study and the giving of 
premiums to individuals who increase their output. One 
charge made against these devices is that they speed up 
the workmen to an abnormal pace. Another is that to 
have one's acts timed by a stop watch is humiliating, 
and that the system, in its enforcement, makes machines 
or automatons out of men. 1 

1 ". . . the opponents of the Taylor system had virtually concen- 
trated their attack upon the time-study and premium features under 
trial at the Watertown Arsenal, claiming that those features operated 
against the health and well-being of the employees . . . alleging that 
these features are only devices for 'speeding up' the workman and 
reducing him ultimately to the level of a ' machine ' or ' beast of bur- 
den '." (.General Crozier, in Report of the Chief of Ordnance, 1912.) 
48S] 2I1 
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I. THE CHARGE THAT EMPLOYEES ARE OVERWORKED 

The scientific management authorities announce that 
by their system machine output is multiplied by from 
three to five, 1 that barehanded laborers sometimes per- 
form nearly four times as much work as formerly, 2 that 
among employees as a whole the individual rate of pro- 
duction is on the average doubled. 3 These claims place 
on the shoulders of Mr. Taylor's followers the burden 
of proving that they do not abnormally speed up work- 
men. 

The scientific management leaders cheerfully assume 
this task. The effort of the individual, they say, is not 
increased in nearly as great a proportion as is the out- 
put. Especially in machine shops, much of the apparent 
intensification of effort is nothing more than specializa- 
tion; the workman is able to get more out of his 
machine because he is relieved of that portion of the 
work which formerly called him away. 4 Much of the 
improvement, too, is due to the way in which the 
machines are operated, greater efficiency being the result 

1 This is so in the case of the Tabor Manufacturing Company ac- 
cording to testimony of Hathaway. Evidence Taken by the Interstate 
Commerce Commission in the Matter of Proposed Advances in Freight 
Rates by Carriers (1910), p. 2667. 

a Pig iron handling. See supra, p. 80. 

8 Estimate of Taylor. .See supra, p. 189. 

* " Formerly, when we started a job, he had first to frequently hunt 
up the foreman to find out what he would do next. Then he might 
have to hunt up his materials and get them to the machine. After 
that he had to decide how the job was to be done, and look up his own 
tools for it. He had to grind his own tools and all of the things that 
we now do in the planning department for him he had to do himself 
to a very large extent, while his machine was standing idle. As it is 
now, the machine runs along on other work while we are making 
preparations for his job ahead." (Description of Tabor Manufactur- 
ing Company, Hathway, Evidence [Rate advance case] p. 2668.) 
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of scientific study applied by the management. Instruc- 
tions as to the best manner of handling everything con- 
nected with the work, and a careful thinning out of 
strength taxing features, have been important factors 
governing the increase in production. 

Where the workman does put forth more muscular 
energy, it is claimed that this is simply due to the elim- 
ination of waiting or loafing; that is, better routing has 
prevented delay, or improved industrial relations have 
eliminated "soldiering." It is emphatically denied that 
the workman moves faster, or at any one moment 
exerts himself any harder than was considered normal 
under the old regime. 

The student of scientific management is fortunate in 
being able to find evidence of a highly reliable sort as to 
whether or not these claims are just. In the first place, 
the special House committee — composed of W. B. Wilson, 
formerly a labor leader (and since appointed Secretary 
of Labor), Wm. C. Redfield, a manufacturer (later ap- 
pointed Secretary of Commerce) who has written some- 
what disparagingly of scientific management, and one 
other congressman — reported after extended hearings 
that the Taylor and other " systems " had not " been in 
existence long enough " for the committee to " deter- 
mine with accuracy their effect upon the health and pay 
of employees," and that the committee did not " deem it 
advisable nor expedient to make any recommendations 
for legislation upon the subject" at that time. Upon 
this report General Crozier comments : * 

In other words, the committee, properly zealous to protect the 
well-being of the employees, failed to find any ground in the 
representations made by the opponents of the system upon 

1 Report of the Chief of Ordnance, 1912. 



214 SCIENTIFIC MANAGEMENT [488 

which to base condemnation or serious criticism of the meth- 
ods in effect or contemplated by this department, or any con- 
ditions which called for remedial legislation. 

That is, scientific management, after an ever widening 
application for thirty years, could not yet be charged 
with having produced victims of overwork. 

The irresponsible character of many of the complaints 
made in regard to the effects of scientific management 
upon health is shown by General Crozier's reply to one 
such charge which had been included in the petition of 
the Watertown Arsenal unions of June 21, 1913. 1 

Complaint No. 13. — This is a complaint that the majority 
of the men are failing in health. This is distinctly not true. 
There is no evidence of it, and no complaint of it. A number 
of men questioned on the subject denied it, no man being 
found who claimed or admitted that his health had been in- 
juriously affected ; and no man has personally claimed that he 
has been overworked. In regard to the possibility of over- 
work, it is at least extremely improbable. In machine work 
particularly, where, as stated, before most of the premium 
jobs are found, the machinist usually stands for a considerable 
time looking on while the machine is doing the work. Such 
a job can be divided into machine time and handling time, and 
the machine time can be subdivided into that in which the feed 
is by hand and that in which the feed is by power. It is dur- 
ing the time that power feed is operating that the machinist 
simply stands and watches the work. Ten jobs, taken at 
random, have been examined and the following have been 
found to be the percentage which the power-feed time, that is, 
the resting time, is of the whole time required for the job : job 
No. 1, 5.75 [ ? sic] per cent; job No. 2, 68 per cent; job No. 3, 
40 per cent; job No. 4, 58 per cent; job No. 5, 35 per cent; 

1 Memorandum for the Secretary of War, submitted by General Cro- 
zier, Sept. 6, 1913. 
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job No. 6, 46 per cent; job No. 7, 78 per cent; job No. 8, 71 
per cent; job'No. 9, 80 per cent; and job No. 10, 54 per cent. 
Of course during the power-feed time the machinist has to 
fix his attention upon his work ; but it is not strained attention, 
and is not of a wearing character. These figures coupled with 
the facts of moderate working hours, frequent holidays, and 
generally good working conditions show the practical impossi- 
bility, in the general case, of overworking a machinist. 

Perhaps the most direct way of arriving at the facts 
as to overwork — though it unfortunately involves an 
analysis of conflicting claims — is to sound the attitude of 
the Watertown and Frankford employees. Though it is 
alleged that the " worst " features of scientific manage- 
ment have not yet been introduced at Watertown, and 
no one claims that the system as a whole has been in- 
troduced at the Frankford Arsenal, yet official reports 
show a great decrease in cost of operation ; and if, there- 
fore, the type of scientific management known to these 
arsenals is unobjectionable — and even attractive — to em- 
ployees, the system evidently has a great and proper 
field. 

The surface facts are, that in June, 191 3, the Water- 
town employees petitioned for the abolition of the 
Taylor system, and in January, 191 5, several hundred 
employees of the Frankford Arsenal petitioned for its 
continuance. In both cases, however, the employees' 
action was almost certainly inspired from above or with- 
out, and the question has therefore been raised as to the 
genuineness of the verdict. The discussion pro and con 
in the House (February 5, 1915) and Senate (February 
23) may be summarized as indicating (1) very strenuous 
opposition to the system on the part of general labor 
officers, (2) no certain evidence of a prevailing senti- 
ment against it on the part of actual employees (though 



2I 6 SCIENTIFIC MANAGEMENT [490 

a few were shown to be opposed to it), and (3) a con- 
siderable measure of local enthusiasm for it. 

Senator Weeks, whose home is three miles from the 
Watertown Arsenal, presented evidence * to the effect that 
while he had originally received a great many complaints 
from his constituents on this matter, on February 12, 
1915, the very man who had been retained "to act as 
their counsel in the matter of their petition for the abol- 
ishment or change of the Taylor system," wrote to him 
his discovery that the workmen were " opposed to the 
amendment to the Army appropriation bill providing for 
the practical abolishment of time study and premium in 
Government shops. . . ." The senator had himself re- 
ceived letters from constituents, employees in the arsenal, 
containing passages such as these: (1) "I have heard of 
no one that has been injured by a ' stop watch,' nor from 
over-work. The few agitators (shop lawyers) that 
caused this bill to be sent to Congress . . ." (2) "There 
has been some opposition made by a few self-constituted 
labor leaders who take it on themselves to regulate 
matters to suit themselves without any consideration or 
regard for the rights of others." (3) "It seems that 
this gigantic move to abolish the system is backed by 
some outside selfish crew . . ." And again by the same 
writer: "There were 349 employees of this place who 
signed a petition to abolish the system. If the number 
who did not read that petition, and consequently did not 
know what they were signing, together with the number 
who signed it just to be agreeable, were deducted from 
the 349, there would be nobody left but the framers. It 
is proven beyond a doubt that after three years' experi- 
ence with the premium system the conditions here are 

1 Congressional Record, vol. 52, pp. 4890-91. 
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far better than any place of the kind in this country." 
On the other hand, the senator had received no com- 
plaints for a year, except from outside labor organizations. 

In the case of the Frankford Arsenal, on the other 
hand, there was little proof to show that the employees 
had signed under pressure, or through ignorance, and 
considerable to show that their attitude was spontaneous. 

The evidence as to strain under scientific management 
of which the public can most readily avail itself, however, 
is that furnished by a number or magazine writers, who 
— like Miss Wyatt — have visited this or that establish- 
ment operating under scientific management, thinking 
that they would find men and women overworked ; but 
after making personal observations, and conducting a 
more or less thorough inquiry among the workers them- 
selves, have reported that conditions in the shops inves- 
tigated contrasted favorably with those in other plants. 
Even so watchful a critic as the late Professor Hoxie 
testified that he had " a strong impression that scientific 
management workers, in general, were not overspeeded." 1 

There are, however, certain developments of scientific 
management which one hesitates to approve. Mr. Taylor 
states that of the men who formerly handled pig iron at 
Bethlehem, only one-eighth would have had endurance 
enough to complete the tasks set under scientific man- 
agement. This extreme situation was of course due to 
the fact that human beings differ greatly in their aptitude 
for this kind of work, and the task was designed for only 
those who were the fittest ; and there is no evidence that 
any of these men were any the worse physically for their 
unusual exertions. Nevertheless, the specialization of 
certain men to do as much heavy work as their physical 

1 Scientific Management and Labor, p. 92. 
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capacity permits is a thing that one would dislike to see 
carried very far. There must be a cost of some kind, 
even for the fit — a considerable cost; otherwise they 
would not refuse to do the work except for a sixty per 
cent addition to their pay. The question arises whether 
the cost — which may be the dwarfing of part of the 
higher life of the men — is not one that it is a loss to the 
community to allow them to bear. Perhaps only good 
has resulted in the specific instances in which men have 
undertaken these jobs ; but it is a side of scientific man- 
agement which would not form a part of an ideal civili- 
zation, and which most people would prefer to see 
curtailed. 

There is reason to believe that the scientific manage- 
ment experts themselves hold much the same opinion, 
and that the enforcement of extremely difficult standards 
is not as common now as formerly. Thus that power- 
ful incentive to maximum production, the differential 
rate, has given place to the milder stimulus of the Gantt 
bonus system, and the still more flexible modifications 
in use at Watertown (until 1916), and in the plants re- 
organized by Harrington Emerson. There is now less 
emphasis upon the selection of none but unusually able 
workmen, a growing precedent in favor of retaining 
practically unchanged the former staff of employees, and 
a vigorous insistence on the setting of tasks that any 
normal person can accomplish. 

To conclude this discussion, scientific management 
means for most persons an increase in the energy which 
they put into their work. There is, however, no evi- 
dence that employees are injured physically, or that the 
effort is especially disagreeable. Still most men would 
not choose the new system for its own sake. It is the 
association in thought between larger production and 
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greater pay that makes men glad to turn their wits away 
from side issues, and concentrate them on making their 
movements count towards output. When transformed 
by this thought, work under the new system is perhaps 
not as tedious as work under the old ; for it is not the 
effort, but the spirit, that makes work heavy or light. 

2. THE CHARGE THAT MEN ARE MADE AUTOMATONS 

An objection to time study in itself would be trifling. 
An athlete does not feel humiliated because a stop watch 
records the seconds and fractions thereof which it takes 
him to make a run. And so with the workmen, it is not 
the making of the studies, but the purpose for which 
they are to be used, that appears odious. 

The first fear respecting time study, that it will be 
used to speed up abnormally the employee, has been 
already covered. The other indictment against it is 
that it is the first and most powerful instrument in the 
introduction of a new order of industry, in which skill, 
initiative, and life itself, are divorced from the workmen, 
and radiate only from a central planning department the 
men becoming mere machines or automatons./Some 
young college man measures the time taken for each 
swing of the arm, considers the necessity or uselessness 
of every turn of a bolt, decides, perhaps, how long the 
workman should rest after an exhausting move. Then 
there is made out an instruction card which tells the 
workman exactly what to do without relying on his own 
judgment. Eight functional foremen stand over him to 
guide him at every turn so that he can use no independenec. 
In short, work is no longer the self-expression of the 
worker's individuality, its wholesomeness is destroyed, 
and life becomes a monotonous, unhealthful routine. 

With regard to these charges, we should first remind 
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the reader that, as we have pointed out elsewhere, the 
extent to which planning is carried under scientific man- 
agement is as yet not nearly so great as the public some- 
times imagines. In the second place, there was consid- 
erable monotony and subordination of one individual to 
another before Mr. Taylor began his work. Neverthe- 
less, if the introduction of scientific management is even 
a small step in the direction of increasing the drudgery of 
work, it is a matter in which the public should feel con- 
cerned. What are the facts? 

In the first place, a word should be said as to the like- 
lihood that control over a man's movements by a higher 
authority will lead to nervous and physical discomfort. 
One would almost imagine, judging by some of the attacks 
made on scientific management, that men are held in a vise 
and that a boss standing by pulls the strings to let the 
workman know when to move the one arm and when 
the other. A little reflection, however, is enough to 
convince any one that men who are paid high wages for 
rapid, spirited work will not be interfered with in any 
way that is disagreeable to them. To carry motion 
study to such a point would not only involve prohibitive 
expense, but would defeat its own end. One could 
imagine a greedy employer giving a man too difficult a 
task ; but it would be nonsense to imagine him fettering 
his hands or grating on his nerves. 

While it would be out of the question to think of sci- 
entific management as carrying its supervision of work 
down to an automaton level, where movements would 
be directed to the point of physical discomfort, or men 
would take on a slavelike lack of spontaneity, it is not 
unreasonable to inquire whether the system will leave 
unimpaired the higher intellectual life. Actual monotony 
is probably not as great under scientific management as 



495] THE HUMAN SIDE 221 

under other systems ; and the evidence bears out the as- 
sertions of Taylor and others that the " mental revolu- 
tion" carries with it a sympathy and fellowship between 
men and management, which makes conditions in a shop 
unusually attractive. But is there under scientific man- 
agement such a stimulus to growth and activity as one 
would expect to find under a less self-sufficient system ? 
Are there no infavorable consequences in shop life and 
upon mental development growing out of such ideals as 
the minute specialization of labor, the subjection of every 
process to exact control, the separation of planning from 
performing? 

At first one is inclined to answer that men of enter- 
prise, men who would not only chafe under restraint but 
who are also ambitious to exert an influence in the outer 
world, would probably hesitate to enter the lower ranks 
of a system where they would be given little liberty to 
try things their own way; they would shun a job which 
meant constant work at a narrow range of activities and 
no more than a very vague comprehension of the industry 
as a whole. The thirty per cent bonus would be pur- 
chased at too dear a price. Then it is remembered that 
the opportunities for advancement under scientific man- 
agement are good. So that a man of aggressive mind 
would probably find a scientific management shop a very 
good place to come in contact with the best and most 
scientific methods and work himself into a position of 
supervision. But what of the majority who must stay at 
the bottom? 

We are inclined to think that scientific management is 
the more practical, and, for the present at least, the more 
commendable, in that it has adapted itself to a state of 
civilization in which men as a rule are obviously not of 
an ambitious, intellectual type. Mr. Taylor, in his un- 
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flinching and rather uncanny way, classified men into 
groups as distinct from one another as are the different 
breeds of horses : thus, corresponding to the dray horse 
— or, better yet, the ox — there is the man with the 
muscle suitable for handling pig iron and the mentality 
incapable of understanding percentage; corresponding 
to the grocery wagon horse there is another type of man 
suitable for a somewhat higher grade of work ; the trotter 
has his human counterpart; and so on up to the top. 
This distinction, while unpleasant, is not altogether 
fanciful : there are differences between men ; and it is 
probable that the majority of workmen would prefer to 
avoid the trouble of systematically planning complicated 
work. They need guidance. They are perhaps better 
off for remaining at one employment and confining 
themselves to a limited range of activities. 

Yet it is probable that many of these men, if they had 
enjoyed better opportunities earlier in life, would not 
now be of the " type of the ox." While scientific man- 
agement does well to adjust itself temporarily to human 
nature as it finds it, possibly with the more general ex- 
tension of educational advantages much of this analysis 
of men into types will eventually break down ; and a 
socially meritorious scientific management must take this 
possibility into account; it must soften, not perpetuate 
nor intensify, class distinctions. So it is to be hoped 
that in the future, rules in regard to work will be im- 
posed only where there are clear advantages to be 
gained ; and finally, that as rapidly as possible men may 
be led to follow good methods on their own responsi- 
bility, because they realize that they are the best, and 
not because they are forced to do so. 

That scientific management has kept abreast of progress 
and is moving in this direction every sign would indicate. 
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The present tendency is entirely away from class strati- 
fication. The jobs which a worker does under scientific 
management are more various and more complicated 
than under the older factory system, for the reason that 
the better organization and the better methods of rate 
fixing and instruction make it possible for longer and 
more varied tasks to be assigned. More varied tasks 
are assigned, even against the inclination of the workers, 
because the management thus introduces a flexibility 
into its working force which is of value as temporary 
or seasonal fluctuations make adjustment necessary. 
Longer operations are arranged, because more work can 
thus be done at one place, and there is a saving of that 
carrying around of work which is very nearly the chief 
source of expense and delay in factory operation. 

Not only does scientific management systematically 
train a man to do more things, and in general push him 
upwards, but its control over his work is not as one 
sided as is generally supposed. It is law that is supreme 
in the scientific management shop, rather than the boss 
as such. The machinery of wage payment and of func- 
tional management is such as to encourage men to in- 
sist upon their rights. In fact scientific management is 
almost the only management system that recognizes 
that the men have definite rights as to their conditions 
of work. An error or neglect on the part of the man- 
agement strikes at once at the men's pay, and there is 
no surer way than this of getting an immediate and 
wholesome reaction out of workmen. In fact, one sci- 
entific manager tells us that the leaders in the movement 
have not been unusually well disposed towards their 
men — as is so frequently maintained. It is rather their 
system that compels them to keep things straight. 
Otherwise the whole thing would go to pieces. 
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Finally it may be questioned whether scientific man- 
agement does actually deprive the workman himself of 
the right to plan. Very probably the workman did not 
plan to amount to anything under the old system. For 
while he might do much as he pleased, his choice of 
methods was haphazard, and the conditions under which 
he worked, while irregular, accidental, and annoying, 
were certainly beyond his control. Would not an at- 
mosphere of system be in itself an education? Does 
not one gain freedom through learning the best 
methods, even although they are handed out in the form 
of instructions? 

While one must not be too dogmatic about a system 
which is still in its infancy, it is beginning to become 
clear that, in practice as well as in theory, scientific man- 
agement promises to the workman more real indepen- 
dence, more stimulating contacts, and more opportunities 
to develop in his work and outside of his work than is 
likely to be offered by any other industrial system. 

3. PROMOTION — SKILL WAGES 

It is the policy of shops operating under scientific man- 
agement to fill the higher positions by promoting able 
men from within the ranks. Inasmuch as the proportion 
of good positions under this system is greater than in 
the case of the ordinary forms of management — because 
of the functional foremen and planning department — the 
chances for promotion are decidedly better. Futher- 
more, such promotion as there is should be on a more 
just basis under scientific management than elsewhere, 
because its more adequate records covering the work of 
each individual enable the head men to know just who 
are the most capable workers. The capable but rather 
unobtrusive man in fact ranks higher under scientific 
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management than he would elsewhere ; he is worth more ; 
for the things that he needs for his work are supplied 
as a matter of course ; and it is not necessary, as in some 
shops, to use personal pressure to get others to treat 
one fairly: hence true efficiency — and not audacity — 
counts towards output. 

One of the objects of having a functional foreman — as 
well as certain other of the features of scientific manage- 
ment — is to enable inferior men to do what was formerly 
regarded as skilled work. Thus we are told that at 
Bethlehem ninety-five per cent of the rough machine 
work was done by low-priced men under expert guidance. 1 
For the inferior men who are put at such work this 
means higher wages and greater skill than they would 
otherwise attain. For the class of persons who formerly 
performed the jobs it means that that much of their field 
has been lost. 

The elimination of the need for skill is one of those 
changes which benefits the race at large, but is apt to 
work hardship upon individuals. For of the on-coming 
generation, those who seek special training can pick 
out some other field, while those who can not or do not 
prepare themselves for any definite work will be very 
glad for the increase in the demand for unskilled men. 
There is thus little loss, and the public gains because of 
the reduced price of the finished product. The thought 
of the future gain is, however, a poor consolation for 
those who already have their training in the abandoned 
line. These persons are apt to be thrown out of employ- 
ment and to suffer greatly, and for no fault of their own. 

So much for the antedating of skill in the abstract. 

1 Hearings before Special Committee of the House of Representa- 
tives to Investigate the Taylor and other Systems of Shop Manage- 
ment, p. 14B8. 
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As a matter of fact, up to the present time the share that 
scientific management has had in this process has been 
accompanied by little if any inconvenience to workmen. 
One reason for this is the fact that the new system re- 
quires a long time for its introduction. Changes in the 
personnel of most shops naturally occur comparatively 
rapidly, so that if the scientific management men exercise 
a little care, they are able to contract the field for skill 
without a discharge of any former employees. More- 
over, the better workmen must be retained to do the 
work which still requires special knowledge, and to 
serve as functional foremen. We may conclude that 
while scientific management is ever seeking to get along 
with as little skill as possible, at the same time it takes 
skill to accomplish this very end; so that it is rather 
hard to say whether in the long run there will be re- 
quired a widened or lessened distribution of it. We 
may be sure of this much, however : that there is a 
shifting of the points at which skill is applied ; and that 
of the higher grades much more is required. In all pro- 
bability, the changes will continue to go on without 
much unusual suffering to anyone. 

As to wages, Taylor claimed that the men working 
under scientific management receive from 20 to 100 per 
cent more than men of equal caliber working under the 
ordinary types of management. 1 Except for men doing 
very strenuous manual work, however, we may remark 
that the great mass of employees seem to be at the lower 
end of this range: 25 per cent would, perhaps, be a 
typical average for the increase in machine shops. 2 The 

1 Testimony before the Industrial Relations Commission, April, 1914. 

2 See statistics for the Tabor Manufacturing Company, supra, p. 145 ; 
for the Link-Belt Company, p. 149; and for the Watertown Arsenal p 

153. 
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rise in wages, even at the latter more moderate estimate, 
is seen to be a considerable one. 

This point being settled, there next arises the more 
important question: will the high wages of scientific 
management prove permanent, or are those critics of 
scientific management right who say that after a little 
these rates will be cut, and eventually workmen will re- 
ceive, in spite of their increased speed, wages no greater 
than in the first place? 

It is not probable that the near future will witness a 
radical reduction in the wages paid under scientific man- 
agement; for certain companies which have tried such a 
policy have found to their sorrow that the men would 
not turn out the enlarged product unless their rewards 
were kept at about the above figures. The whole situa- 
tion may be quite different, however, if scientific man- 
agement is ever introduced generally throughout the 
country. The workmen would then have no alternative 
system which they could fall back upon ; and they might 
be^compelled to work in the new way if they were to 
obtain \ satisfactory employment of any kind, and to do 
so regardless of whether wages had been substantially 
increased or not. On the other hand, it is equally pos- 
sible that if the number of plants using scientific man- 
agement grows until there is a scarcity of workmen able 
to turn out these large outputs, their wages may be 
forced up still higher. 

At any rate, the present method of fixing wages under 
scientific management is a transitional one, and the 
forces lying behind the wage determination of the 
future will probably be more complex. There is no 
reason why the workman should fear that scientific man- 
agement will bring anything but favorable changes in 
thejSlevel of wages. Yet his greatest gain will probably 
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come, not in the form of higher pay, but in that of 
cheaper commodities. 

4. THE HUMANIZING OF MANAGEMENT 

The discussion should by this time have alleviated, or 
cleared away altogether, most of the fears which have 
been entertained regarding the effect of scientific man- 
agement upon the welfare of employees. As a matter 
of fact the movement is in the very opposite direction : 
as far as there is anything distinctive about scientific 
management, if represents a shifting of thought from 
machines to men. Whether rightly or wrongly, the 
claim of the system for special merit is based upon its 
seeing more truly the deeper motives that actuate men ; 
upon its adaptation of factory conditions to conform 
more perfectly to man's comfort, productive efficiency, 
and satisfaction; upon its coming down more intimately 
to the temper and capacity of the individual worker. 
Scientific management is thus, first of all, a study of 
man, of his nature, of his ideals. It is based upon the 
principle that cheerful workmen are more profitable than 
sullen ones, that to fit the work to the man is better 
than to try to fit the man to the work, that the individual 
is a more satisfactory unit for study and administration 
than the mass. 

As long as scientific management retains these ideals as 
the essence of its program — and the lives of the leaders 
testify that they have practiced them up to date — it is 
hard to see how the system could be anything else than 
agreeable and beneficial to the workmen. If step 
number one is the humanizing of industry, step number 
two a response on the part of the men to this change, 
and step number three the realization of profit by the 
management, then if the system is to work at all, it is 
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only because in the first place the shop is made to appear 
to the men a better place to live and work. 
^ But fifty years from now, when Taylor, Gantt, Barth, 
Cooke, Dodge, and the others will have been followed 
by men who know not the kindly spirit of these pioneers, 
when shop management is once again regarded only as 
a money making proposition, and when the new men 
look about them to see whether Taylor was right in 
saying that money making and harmony and human 
welfare are not incongruous, what then will be the situa- 
tion? An enlightened self-interest, reinforced by the 
demands of a growing public sentiment, will probably 
dictate that as working machines, men be kept in good 
condition, that hours and tasks be reasonable, that the 
work be varied and pleasant. But when it comes to a 
fair division of the profits between employer and men, 
when it comes to the things that will make for the 
larger intellectual and social life of the workingman, 
it may be doubted whether scientific management will in 
itself offer anything better than other systems. Its con- 
tribution will be an increase in productivity which will 
make better conditions possible. But the hope of bring- 
ing these better conditions into actual existence should in 
the future, as in the past, be founded upon something more 
substantial and equitable than the altruism of the factory 
manager. While scientific management is thus hardly a 
complete solution of the problem of human welfare in 
factories, the influence of its leaders should nevertheless 
prove to be an exceedingly powerful force in the right 
direction. 1 

1 After explaining that he had been putting into scientific manage- 
ment every cent of surplus income and a little more for a good many 
years, including payment of " the salary of quite a number of [men] 
for several years while they [were] learning the introduction of scien- 
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tific management " — all this without hope of profit — Mr. Taylor then de- 
clared himself as follows : 

"And I want to make it perfectly clear, because I do not think it is 
clear, that my interest, and I think the interest of every man who is in 
any way engaged in scientific management, in the introduction of the 
principles of scientific management must be first the welfare of the 
working men. That must be the object. It is inconceivable that a man 
should devote his time and his life to this sort of thing for the sake 
of making more money for a whole lot of manufacturers." Testimony 
before Industrial (Relations Commission, April, 1914. 

Scientific management's vision of leadership is rich in promise for 
the future. The unexplored possibilities of this field are nowhere indi- 
cated more clearly and profoundly than in Professor Edward D. Jones' 
resourceful paper on " The Relation of Education' to Industrial Effi- 
ciency," read before the American Economic Association in December, 
1914, and published in the March, 1915, supplement to The American 
Economic Review. 



CHAPTER IX 

Other Criticisms and Conclusions 

i. scientific management but one factor in 
social life 

If our criticism has on the whole been favorable to 
scientific management, it is because we believe that there 
is a large amount of good in the system. To maintain 
that it is perfect would be to overlook the fact that it is 
hardly yet beyond its formative period. Since Mr. Taylor 
first began its application, about 1882, there have been 
numerous and important changes. There is no reason 
why there should not be other alterations in the future. 

While scientific management seems to us a force for 
good, it should not be regarded as a panacea capable of 
curing all industrial and social ills. On the contrary, it 
shouldjje supplementa ry ^ socjal jg^aciej, whose field of 
operation is wider than a single shop or a single manage- 
ment. Especially along the lines of industrial and cul- 
tural education, of regulation by the state of the condi- 
tions of employment, and of other movements designed 
to round out the lives of workmen, to better their sur- 
roundings at work, at home, and during recreation, is 
there a possibility of solving directly many of the problems 
that scientific management approaches only through the 
roundabout road of increasing output. We must not 
forget that the end of production is consumption. We 
must not think so much about running our factories at 
full speed that we neglect the simpler and more direct 
50S] 2 3i 
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methods of increasing human satisfaction and welfare. 
It would be demanding too much of scientific management 
to expect that it make the most of development along 
all of these broader lines. Through making industry 
more productive the shop manager may furnish the ma- 
terials for, but others may be better qualified to superin- 
tend the reconstruction of, our social life. 

Furthermore, if other agencies be permitted to become 
strong, so that scientific management is held in check, it 
will not be necessary for the public to be greatly con- 
cerned as to exactly how far scientific management should 
be permitted to extend its operations. The future may 
be trusted to solve that problem. Grant that it is a loss 
to have men work harder ; but that, on the other hand, 
it is a gain to swell the volume of output. If there are 
well organized movements backing each of the opposing 
interests, we may safely leave to their interaction the 
determination of precisely how much of one advantage 
may be surrendered for the sake of the other. Through- 
out life, men are confronted by situations in which they 
realize that they cannot have everything that is attractive, 
but must give up one profit to attain another. Is it de- 
sirable, for instance, to live in a city? The city man longs 
sometimes for the freedom of the wilds or for the quiet and 
beauty of the country. But that, on the whole, the oppor- 
tunities of urban life more than make up for the unques- 
tioned sacrifices which are involved is attested by the fact 
that people continue to live in cities. So with scientific 
management. On the one hand it demands effort, on the 
other offers reward. The extent to which it will be car- 
ried will be the result of an equilibrium of these two, as 
well as of many other forces. 
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2. THE LARGER SIGNIFICANCE OF SCIENTIFIC 
MANAGEMENT 

Scientific management's first great meaning is in con- 
nection with the problem presented by the size and 
complexity of modern industrial organization. There 
would not have been much of a field for scientific man- 
agement in an age when all men worked for themselves 
or were associated in groups of ten or twenty. But the 
system is an outgrowth of the concentration under one 
ownership and control of operations carried on over a 
large stretch of territory and participated in by thousands 
of employees. 

An important question arises as to whether scientific 
management can be made to yield the most profit under 
large scale production ; so that the system will in itself 
be a powerful influence leading towards further concen- 
tration. It is of course evident that under conditions 
of large scale production, specialization may be carried 
farther ; more widely applicable studies may be made ; a 
more refined and exhaustive coordination is possible. 
All these things would count in favor of the highest de- 
velopment of scientific management. 

It does not follow, however, that these gains which 
we associate with large scale production come only 
when there is centralization of authority, or a single 
financial control. On the contrary, much of the best 
scientific management has been developed in plants which 
are only moderately large. The small concern may realize 
many of the advantages of specialized management under 
a system where experts migrate from place to place, 
using in one place the experience which has been gained 
elsewhere. The small concern may also utilize the re- 
sults of extensive studies, if they are published, or if 
they are carried on through the cooperation of many 
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concerns. Finally, the relatively small concern has the 
advantage over the large one in that it offers an oppor- 
tunity for more intensive work. Inasmuch as scientific 
management takes itself very seriously, it may be really 
harder for a scientifically managed firm to handle a big 
business, than it would be for a concern which had a 
looser system. 

It may be said that the full advantages of scientific 
management are probably only realized in a plant of 
■fairly good size. Moreover, should conditions become 
such in the future as to favor the extensive enlargement 
and combination of industrial plants, the process would 
surely be greatly facilitated by the coordinating power 
of a system such as the one we have described. Scien- 
tific management strikes squarely at the root inefficiency 
of big business, and so would make possible a much 
more thoroughgoing movement towards industrial in- 
tegration than we have yet had. The question as to 
whether a pronounced movement of this kind will actu- 
ally take place, however, will probably depend mainly on 
commercial rather than on management considerations. 

Scientific management is again significant because it is 
teaching the world a new way of gathering wealth. In 
the past the way to become rich has too often been that 
of exploiting one's fellows. But under scientific manage- 
ment — perhaps more consciously than in the case of any 
other of the rising modern movements — one notes a 
shifting of emphasis towards efforts to increase total 
wealth. Scientific management's method of increasing 
total output is in part, so to adjust the inner workings 
of the factory, that much of the old activity is rendered 
unnecessary, while the remaining tasks are rationalized 
and coordinated so that output is disburdened of much 
of its human labor. 



.509] OTHER CRITICISMS AND CONCLUSIONS 235 

It is perhaps true that the scientific management men 
overemphasize the capacity of this phase of their system 
to rid the age of its pressing social problems. It is not 
so much the lack of wealth as the pitiable unevenness in 
distribution that is disturbing modern tranquillity. The 
invention of the past has already given the present, re- 
sources adequate enough to enable all men to live in a 
certain degree of comfort and with considerable satisfac- 
tion, provided the social income were more equally 
divided, and that one half of the people were not rendered 
discontented by observing the more fortunate lot of their 
betters. The people of to-day lay a false stress upon the 
possession of material wealth. If individuals could only 
cease vying with each other in the amount of expense 
which they display in their living, is it not possible that 
they could easily attain to a greater happiness than would 
follow an augmentation, at great effort, of the stock of 
material commodities? 

Yet, generally speaking, material welfare is the founda- 
tion of culture. Wholesome food, comfortable lodging, 
freedom from long or exhausting labor, and opportunities 
for travel and education, are the requisites of art, litera- 
ture, science, and the beautiful in life and thought. In 
seeking to produce material things at less cost, scientific 
management is sounding the keynote of a new campaign, 
in which all should join, and in the success of which lies 
great hope. Men have hitherto thought that there was 
certain work to be done. Scientific management may in 
years to come show that this is a myth — that a new spirit 
of study and enterprise may reduce human toil to an 
inconsiderable minimum, — perhaps eliminate the toil- 
someness altogether. 

Scientific management may also be said to present an 
object lesson in the gains which follow coordinated effort. 
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If it is possible in a shop which has already been under 
one management to effect such great savings through 
giving more attention to routing, to planning, to in- 
struction of workmen, and so forth, how much more 
could be achieved if the various branches of industry now 
competing were managed scientifically in their relations 
one to another. If not an argument for socialism, sci- 
entific management at least suggests the promising field 
open to those who would devote their lives to a study 
of how industrial life as a whole may be operated more 
economically and satisfactorily. 

Scientific management cannot, however, accomplish all 
or a part of these things without introducing problems 
of its own. The system means concentration of author- 
ity and subordination of the individual. It means that 
the value of the clever man will be greatly increased ; 
that there will be more very high-salaried men ; and that 
all the way down to the bottom, there will be a new 
differentiation as to pay. This situation is rather disturb- 
ing in a country of democratic ideals. Yet, inasmuch as 
the system calls for a closer cooperation and a more 
complete understanding between persons occupying dif- 
ferent levels, the actual evils will probably not be great, 
and may be atoned for by a considerable good. Such 
regrettable consequences as follow must be excused as 
almost inevitable when a world in which the capacities of 
men are so different is stirred to really vigorous action. 

3. THE ORIGINALITY OF SCIENTIFIC MANAGEMENT 

There is a tendency in some quarters to regard scien- 
tific management as not different in kind from common 
sense and skill applied to industrial undertakings. Thus 
to quote one opinion : 

There have been no new discoveries in scientific management 
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or industrial institutions. Common-sense men have used 
common-sense methods always. The term " scientific man- 
agement " is a catch-word which assumes that industrial 
institutions have not been scientifically managed — which is 
not the case. My experience and the experience of my friends 
has been that there has been no new element injected into the 
art of management. 

Now, of the mass of efficiency devices associated with 
the Taylor system, a large proportion are, to be sure, 
traceable to this or that extraneous source; Mr. Taylor, 
himself, was inclined to minimize the originality of his 
own system. But the observer who has noted how this 
man has inspired followers, and who has studied the tes- 
timony of manufacturers who had introduced his system, 
must be convinced that, in addition to the minor devices, 
there are certain great unifying* principles which are as 
original with Taylor as is an invention or a masterpiece 
of literature original with its author. These principles 
have been explained in one place and another in the 
foregoing chapters. The foremost are the setting of a 
" task" for each employee, and the determination of what 
this task shall be by making a very careful analysis of 
just what enters into the work — preferably using the 
stop watch to. discover the ''unit times'' required for 
the various work elements. This alone is enough to 
form the basis for a system — especially when it is coupled 
with the idea of carrying the study down to the humblest 
worker, to his simplest jobs, and to their minutest 
details. The " science " of the Taylor system may indeed 
be nothing more than ordinary intelligence and common 
sense; but it is because the intelligence is applied to 
these new and distinctive ends that scientific manage- 
ment may be pronounced original. 1 

iFor a more detailed study of the originality of scientific manage- 
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Of course Dr. Taylor was not independent of his age. 
The opportunity for his work was presented by the con- 
ditions which followed the Industrial Revolution, and, 
more recently, by the rise of large scale industry and 
specialized manufacture in this country, coupled with the 
growing differentiation into social classes which by the 
eighties was already alienating the interests of work- 
men from the success of their employers. 

Scientific management emphasizes the importance of 
steady, consistent work ; but in this, the system is surely 
not a pioneer. We are told that among primitive 
peoples, sustained labor was entirely unknown ; but that 
conquest and slavery first imposed upon a portion of the 
population the necessity of application. 1 The rigor of 
work under the earlier industrial systems was slight; 
but its intensity has been constantly increased as society 
has become organized on lines more and more modern ; 
in the last century the tendency has been to make work 
more regular and more solid. The rapid pace set by 
American workmen and their almost perfect concentra- 
tion upon the work at hand has certainly paved the way 
for the advance of scientific management. 

If there is any originality in scientific management's 

ment, cf. supra, Chapter II, pp. 31-53, where the earlier systems are 
described; pp. SS-64, where Taylor's central philosophy is given at 
length ; and pp. 65-66, where, in conclusion), Taylor's system is contrasted 
with those antecedent devices which come the nearest to being its 
prototype. Upon these passages, the conclusions in this chapter are in 
part based. 

1 " And it may be safely inferred from all that is known of actual sav- 
ages and primitive peoples that prior to the period of social integration, 
and at the beginning of the period of conquest, mankind, both of the 
conquered and conquering races, were utterly incapable of sustained 
labor and had no conception of it." Lester F. Ward, Pure Sociology,. 
2 ed., p. 277. 
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ideal as to work, it is in its emphasis on efficiency rather 
than stra in^ Scientific management is tle*cu7tmnation 
of a progress towards the utilization of scientific rather 
than drive methods. The human machine, which was 
before blindly urged on until it broke, is now analyzed, 
and given work in accordance with its strength and 
special characteristics. 

Again, when scientific management proposes to recon- 
struct the way in which work is done, it is but following 
in the footsteps of such movements as the introduction 
of labor-saving machinery, and the establishment of 
chemical and physical laboratories. It has been possible 
to arouse interest in scientific management only because 
it has come to life in an age when men are filled with 
the idea that there is no limit to the wonderful things 
which they may achieve, if they only go about the task 
in the proper way. Mr. Taylor would have met with 
but slight success in a country where everyone believed 
in following the precedents handed down by his great- 
grandparents. Scientific management is the product of 
an age of daring and innovation in industrial processes. 

Scientific management was foreshadowed, too, by the 
emergence of the specialist in matters of management. 
It would be possible to apply it only in a period when 
factories were being standardized to conform to the best 
existing practice. Scientific management has been 
brought in by the age of " system." 

It follows that, while Dr. Taylor's system is as a whole 
original and unique, it borders at many points on com- 
peting ideas suggested by similar stimuli. Especially is 
this noticeable as time goes on and the world at large 
has been benefited by the earlier suggestions of the 
founder of scientific management himself. Others, both 
within and without the immediate Taylor following,. 
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acting under the impulse of his inspiration, have de- 
veloped the technique of shop management in this 
direction or that to a more advanced point than Mr. 
Taylor had opportunity to attain. Giving Taylor due 
credit for both his direct and his indirect influence, it 
would yet be folly to attribute to this one man the entire 
modern drift towards efficiency and analysis of work; 
just as it is usually a superficial verdict that gives to an 
inventor the sole credit for having, started industry along 
channels which but for his life would never have become 
known. 1 

Mr. Taylor's contribution consists in having seen more 
clearly, attacked more persistently, and solved with 
greater success problems of whose existence most other 
persons were but dimly aware. Among those who have 
been intimately associated with Taylor, there is manifest 
a staunch loyalty and respect for his leadership, that is 
ever strengthening his title to rank — if not as the creator 
— at least as one of the foremost spirits behind the 
modern efficiency movement. 

Some persons, looking into the distant future, have 
been moved to declare that the development of scientific 
management will eventually prove to have been as epoch- 
making as the invention of machinery. This claim, we 
said in our first edition, was futile if for no other reason 
than the fact that scientific management itself would 
never have come into existence had it not been for the 
creation of modern industry through the Industrial Rev- 

x Elihu Root, for instance, {Congressional Record, Feb. 23, 1915, vol. 
52, p. 4887, deprecated the use of the term *' Taylor system," inasmuch 
as the effort in this direction "was begun in our Ordnance Bureau long 
before Mr. Taylor was generally known." In support of the principle 
involved, however, Mr. Root, who has been interested along these 
lines ever since he was Secretary of War, made one of the strongest 
appeals that has yet been presented. 
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olution. All that the system may claim for itself might 
in turn, therefore, be attributed to the invention of 
machinery. In addition to this the question may be 
raised as to whether scientific management is distinct 
enough from science, industrial technique, and the earlier 
forms of management, to justify its being regarded as an 
original and independent thing like the Industrial Revo- 
lution. Especially in connection with the more advanced 
achievements of the future would it be hard to draw the 
line between the effects of the new management and 
those of a great host of other contemporary movements. 
So we formerly said that we must be content to regard 
scientific management as part of a general progress, a 
passing form, which, long before it has realized it§ 
potentialities, will have outgrown some of its features 
and merged the rest with those of other systems, losing 
its own identity in that of a greater stream. 

Since Dr. Taylor's death, however, his claim to rank 
as the founder of scientific management, and the claim 
of scientific management itself to rank as an original and 
independent system has been greatly strengthened by 
the gains made in Europe. In England, scientific man- 
agement, and in France and Germany, the "Taylor 
System," have become the subject of a great deal of dis- 
cussion ; and there seems to be no question but that 
there it is regarded as an entirely new development 
which is to be accredited to America, and in particular 
to Dr. Taylor and his associates. In the United States, 
also, the integrity of the scientific management move- 
ment, and even the use of the name itself, has shown 
unexpected permanence and virility. 

Should this condition persist, the world will doubtless 
some day call much of the achievement of the present 
generation by the name of scientific management. 
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While, in that case, the whole could not be credited to 
Taylor, his work would yet appear as the core of a very 
great revolution. It is a revolution which promises to 
spread beyond the factory system, and to become a 
general philosophy of life, work, and organization. 

4. THE FUTURE 

In the last section, as well as at the close of each 
chapter from the third on, and in various other passages 
in this book, much has been said that bears upon the 
question as to what is to be expected of scientific man- 
agement in the future. It is a philosophy of high hopes, 
a system of magnificent prospects. It also has serious 
problems. 

The unfriendliness of organized labor has been noted. 
The scientific management men, strange to say, complain 
more of the opposition of employers. Besides being 
sceptical as to the merits of the system, those in author- 
ity generally hesitate to permit outsiders to reorganize 
their plants ; the result is that the innovations introduced, 
whether by the regular management themselves, or in a 
sporadic way by efficiency specialists, are apt to fall far 
short of conforming to any regular type. Even in plants 
where scientific management has been installed by the 
most skilled experts, as soon as the leaders are out of 
sight there is a tendency to drift back into old habits. 
Hence the growing insistence on having an " up-keep 
man," someone permanently connected with the staff, 
who will supervise efficiency features. Many go so far 
as to urge that the consulting specialists be eliminated 
entirely. Each plant, it is maintained, must solve its 
own problems. 

In view of these practical considerations, it would be 
very strange indeed if the scientific management which 
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we have discussed is not in the future greatly transformed 
and differentiated. One may say that this or that thing 
seems good and that the indications are that it will come 
into wide use; but to maintain that scientific manage- 
agement, in precisely its present form, will one day do- 
minate the industry of America or of the world, would 
be to make a hazardous prediction. 1 

Nevertheless, it is certain that industry is in a general 
way moving in the direction of scientific management ; 
and there is a strong belief on the part of many inti- 
mately acquainted with present conditions that it will 
eventually arrive at many of the things described in this 
treatise. 

1 For instance, the fundamentals of the Halsey " Premium System " 
frequently find a place beside elementary time study, motion study, rout- 
ing, and other scientific management features, in a highly composite 
system. 
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type of, 126, 140, 141 ; Gantt's, 
105; Gilbreth's, 123; Taylor's, 
10m. ; see Functional manage- 
ment, " Shop Management," 
Wage systems. 

" Mental revolution," the, 25, 159, 
193, 221 ; see Harmony. 

Merrick, D. V., 129, 159 

Metal cutting, 75-78, 100, 102, 107, 
151, 186 

Methods, improvement of, 24, 71- 
87, 112, 179-183, 189, 212, 234 

Meyer, H. H. B., 2in. 

Micro-motion study, 121 

Midvale Steel Co., 23, 72, 98, 102, 
109, 134, 197 

Mitchell, Frances, I32n. 

Mixter, C. W., 129 

Mnemonic symbols, 83-85, 116 

Motion study, examples of, 79-81, 
82, 116-118, 119-124, I37n.; place 
in sci, man., 181 ; effect on work- 
men, 219-224; see Time study. 

Navy appropriations, sci. man. 

outlawed in, 155; see Congress, 

Watertown Arsenal. 
New England Butt Co., 121 
New Republic, i6gn. 
Non-industrial applications of sci. 



man., 20, 2811., 111-116, 124, 167, 
iSgn. 
Non-repetitive work, 59, 178 

O'Connell, J., 154 

Ohio State University, 97n. 

Order of work or route clerk, 
duties of, 9o> 147 

Ordnance, Chief of, see Gen. Cro- 
zier. 

Ordnance Department, no, 167 

Organization, 87-91, 94-97, 113,. 
183-185; see Functional man- 
agement, Industrial integration, 
Harmony. 

Organized labor, 19, 35, 92, 139,. 
154, 155, 159, 171, 190, I96n., 210, 
an, 214-217; see Strikes, Em- 
ployees, attitude of, Overwork, 
Automatons. 

Ostwald, W., 170 

Outlook, I9n. 

Overwork, evidence suggestive of,. 
69, 80, 12b, i37n., 176; investiga- 
tions into, 157-159, 161, 212-219; 
natural checks on, 232; scL 
man.'s plan of avoiding, 239 

Parkhurst, F. A., I27n., 129, 162 

Partridge, W. E., 39n. 

Patterson. A. H., 169 

Person, H. S., 132 

Petitions for abolishment of sci. 
man., 155, 211, 215-217; see Em- 
ployees, attitude of. 

Philadelphia government, sci. 
man. in, 114 

Philips Exeter Academy, Taylor 
at, 98 

Photographic records, of motions, 
121-123, 124; of dispatch boards, 
159 

" Piece-Rate System, A," 55-67, 
p, 73, 175 

Piecework, antagonism resulting 
from, 23 ; ordinary course of, 34^ 
35, 35«- 2; Halsey's adaptation 
of, 43-49; Taylor's indictment 
of, 55; advantages of scientifi- 
cally established, 60; differential 
rate, 61-67, 69; resemblance of 
Gantt's plan to, 104; Gilbreth's 
substitute for, 139; when least 
loss under straight, 178 
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Pig iron handling, 79-81, 137, 138, 
181, 217 

Planning, 85 ; separated from per- 
forming, 86, 88, 221-224; see 
Methods, Organization, Leader- 
ship. 

Planning department, 77, 88-91, 
I37n., 146, 2i2n., 219 

Plimpton Press, 163 

Polytechnic Institute of Brooklyn, 
2on. 

Popular interest in sci. man., 16, 
17, 19-22, 118, 129, 167, 168, 171 

Premium, see Bonus. 

Premium plan, F. A. Halsey's, 43- 
53, 65. 66, 178, 243n. 

Profit sharing, 36-39, 40, 43 

Progressive wages, 67n. 

Promotion, 182, 202, 224 

Psychology of management, 123, 
124 

Pullman Co., 109, 163 

Purdue University, 2on. 

Quarterly Journal of Economics, 

i6sn. 
Quartermaster's Department, 168 

Railroads, sci. man. on, 16, 17, 18, 
22m., 105, 125, 140-143, 180; rate- 
advance case, see Interstate 
Commerce Commission. 

Railway Age Gazette, iga. 

Rate-advance case, see Interstate 
Commerce Commission. 

Rate-cutting, evils of, 23, 135; 
reason for, 34, 35, 3Sn. ; Halsey's 
plan to avoid, 44-48, S2n. ; Ro- 
wan's plan to avoid, 31-53; 
Taylor's plan to avoid, 55, 56, 
60; effects of stopping, 64 

Rate-fixing, 57, 65, 7h 72; see 
Time study. 

Redfield, W. G, 35n., iSS. 213 

Renold, H., 132 

Repair boss, duties of, 90 

Remington Typewriter Co., 105, 

163 

Restrictions on output, 35, 4°, 55, 

64, 191, i°Sn- 

Rock Island Arsenal, 154 

Root, Elihu, 240n. 

Routing, function of, 74, 75; ex- 
amples of, I37n., 141, 147, ISO, 
159; value of, 180, 236 



Rowan plan, 51-53 
Russian Revolution, 92 



Santa Fe Railway, 17, 125, 140-143, 

197 
Sayle's Bleacheries, 105 
Scheduling, see Routing. 
Schtoss, D. F., 33, 39n. 
Schwab, C. M., 134-136 
Secretary of War, memorandum 

submitted to, 153 
Selection of employees, 81, 82, 161, 

182; see Promotion. 
Sellers & Co., Wm, 106, 108 
Senate, 155, 215 ; see Congress. 
Sheel, H. V, i8n., 22n., 129 
Shop disciplinarian, duties of, 90 
" Shop Management," Taylor's 

paper on, i6n., 4911., 67-91, no, 

Ii7, i28n., 136, 175; suggested 

as name for what is now called 

sci. man., i8n. 
Shoveling, at Bethlehem, 7gn., 137, 

138, 181 ; coal, 176 
Skill, 201, 225 

Slide rule, 77, 102, 107, 108, 128m 
Smith, A. B., 125 ; Oberlin, 84 
Smith & Furbush Machine Co., 109 
Socialism, 236 
Society of Industrial Engineers, 

133 
Society for the Promotion of the 

Science of Management, 132; 

see Taylor Society. 
"Soldiering," 213; see Restrictions 

on output. 
Special Libraries, 2in. 
Specialization, see Division of 

labor. 
Speed of metal cutting machines, 

definition of, 7°n. 
Speed boss, duties of, 90, 147 
Speeding up, see Overwork. 
Springer Torsion Balance Co., 49 
"Staff, line and," Emerson's, 126, 

184, 185 . 
Standardization, son., 71-73, °o, 

117, 141, 179 
Stevens Institute of Technology, 

99, I02 

Stop watch, 58. 121, 153, 155, 171, 
211-224; see Time study. 

Storage Committee of War Indus- 
tries Board, 115, 167 
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Stores management, 82, 83, I IS, 
146, 147, 153, 160. 167. l8 3 

Storey, W. B., 143 

Strikes, 135, 139, 140, 144, IS4, IQ °, 
197 

Supermen under sci. man., 68, 82, 
141, 182, 217 

Supplies, 82, 83; see Stores man- 
agement. 

Surgery, micro-motion study of, 
124 

Survey, I9n. 

Symbols, 83-85, 116 

Symonds 'Rolling Machine Co., 82, 
138, I39n. 

Tabor Mfg. Co., 28, 75, 83, 88, 
144-148, 150, 15m., 152, 166, 197, 
2i2n. 1, n. 4 

Tarbell, Ida ,M., 132 

Task setting, under sci. man., 23, 
24, 70, in, 115, 175, 176, 194, 203, 
208; see Time study, Overwork; 
under premium plan, 47 

"Task Work with a Bonus," 
Gantt's, 24, 69, 102-104, 126, 
I27n., 136, 218; see Bonus. 

Taylor, F. W., life of, 98-101; 
methods used by, 55-91, 10m., 
182, 183, 190-196, 204, 221, 222; 
as leader in sci. man., 16, I7n., 
23-28, 31, 92-94, 102, 107, 118, 
120, 124, 127, i28n., 130, 144, 148, 
160, 167, 236-242; outcome of 
work of, 134-139; statements by, 
34, 49n., 116, 118, 150, 160, i66n., 
188, i89n., 197, i98n., 208, 229J1. 

Taylor Co-operators, 131 

Taylor Society, 84n., 97n., 116, 130, 
132, 163 

Taylor system, i8n., 29, 109, 155, 
213, 24on. 

Taylor-White high-speed steel, 
100, 151, 186 

Thompson, C. B., 20n., 84n., I39n., 
165; S. E., 3on., 116-118, 132, 
I39n. 

Tilson, J. Q., 155 

Time and cost clerk, duties of, go 

Time study, place in sci. man., 24, 
56, 64, 65, 71, 175-179; element- 
ary, 57-61 ; Taylor's 1 o 1 n. ; 
Thompson's, 117, 118; Gilbreth's, 
121-123; Emerson's, 126, 127; 
at Bethlehem, 136; on Santa Fe, 



141; at Tabor, 147; at Link- 
Belt, 150; at Watertown, 153; 
opposition to, 155, 211-219; where 
profitable, 178; under collective 
bargain, 194, 204, 208, 209; see 
.Motion study. 
Tool rooms, under sci. man., 83,. 

146 
Towne, H. R., 22n., 32, 36n., 39-42 r 

49n., 65, 84, 130, 132 
Trade agreement, see Collective 

bargain. 
Trade lines, under sci. man., 201 
Trade unions, see Organized labor- 
Training for sci. man., 148; see 
Universities, courses in sci. man. 
Tuck School Conference, ign., 
35n., 116 

Unions, see Organized labor. 
Unit times, 67, 70, 175, 176; see 

Elementary time study. 
United States, profit sharing in, 

38, 39n.; premium plan in, 50; 

Rowan plan not followed in,. 

51; policy in entering war, 92; 

as home of sci. man., 162-168, 

241 
Universal Winding Co., 109 
Universities, sci. man. applied to, 

111-114, 125, l89n.; courses in 

sci. man., 2on., 129, 167, 23on. 
University of Pennsylvania, ioo> 

114 
University of Toronto, m 
Up-keep man, 242 
Utilities Bureau, 116 

Valentine, R. G., 95, 20on. 
Van Alstyne, D., I43n., 209 

Wage systems — Taylor's, 55-70, 
loin., 204; Gantt's, 69, 102-104, 
105, 126, I27n., 218; Emerson' s, 
126, i27n., 209; in bricklaying, 
120, 139; at Bethlehem, 136; ow 
Santa Fe, 141, 143; at Tabor, 
147; at Link-Belt, 149; at 
Watertown, 153; in cotton in- 
dustry, 157; see Daywork, Piece- 
work, Profit sharing, Gain-shar- 
ing, Premium plan, Rowan plan. 

Wages, on railroads, 16; under 
sci. man., level of, 69, 70, 135, 
162, 202, 213, 219, 226-228; how 
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fixed, 91, 194, 203-205, 207, 208, 

209; groups receiving low, 119, 

123, 225 
Wallichs, A., 132 
War, 92, us, 167 
War Industries Board, 115, 167 
Watertown Arsenal, 138, 152-156, 

177, 180, 182, 187, 199, 21 in., 213- 

217, 24on. 
Weeks, Sen., 216 
Wentworth, G. A., 08 
Western Economic Association, 

20 



Westinghouse Electric Co., 105, 

163 
Wheeler, Gen., I52n., 156 
White, Maunsel, 100 
Williams, C. C, I52n. ; J. H., 22n., 

840., i98n. 
Wilson, W. B., ion., 155, 213 
Women under sci. man., 157-159, 

160-162 
Wyatt, Edith, 158, 159, 180 

Yale & Towne Mfg. Co., 42n., 109, 

130, 163 
Yale University, 20n. 



in tttje ©itg of ^jew l^k 

The University includes the following : 

Columbia College, founded in 1754, and Barnard College, founded in 
1889, offering to men and women, respectively, programs of study which may 
be begun either in September or February and which lead normally in from three 
to four years to the degree of Bachelor of Arts. The program of study in Co- 
lumbia College makes it possible for a well qualified student to satisfy the require- 
ments for both the bachelor's degree and a professional degree in law, medicine, 
technology or education in five to seven years according to the course. 

The Faculties of Political Science, Philosophy and Pure Science, offering 
advanced programs of study and investigation leading to the degrees of Master of 
Arts and Doctor of Philosophy. 

The Professional Schools of 
Law, established in 1858, offering courses of three years leading to the degree of 

Bachelor of Laws and of one year leading to the degree of Master of Laws. 
Medicine. The College of Physicians and Surgeons, established in 1807, offering 
two-year courses leading to the degree of Bachelor of Science and four- 
year courses leading to the degree of Doctor of Medicine. 
Mines, founded in 1863, offering courses of three years leading to the degrees 

of Engineer of Mines and of Metallurgical Engineer. 
Chemistry and Engineering, set apart from School of Mines in 1896, offering 
three-year courses leading to degrees in Civil, Electrical, Mechanical and 
Chemical Engineering. 
Teachers College, founded in 1888, offering in its School of Education courses 
in the history and philosophy of education and the theory and practice of 
teaching, leading to appropriate diplomas and the degree of Bachelor of 
Science in Education ; and in its School of Practical Arts founded in 1912, 
courses in household and industrial arts, fine arts, music, and physical train- 
ing leading to the degree of Bachelor of Science in Practical Arts. All the 
courses in Teachers College are open to men and women. These faculties 
offer courses leading to the degree of Master of Arts and Master of Science. 
Architecture, offering a program of indeterminate length leading to the degree 

of Bachelor of Architecture and Master of Science. 
Journalism, founded in 1912, offering a two-year course leading to the degree 
of Bachelor of Literature in Journalism. The regular requirement for ad- 
mission to this course is two years of college work. 
Business, founded in 1916, offering two and three-year courses in business train- 
ing leading to appropriate degrees. 
Dentistry, founded in 1917, offering four-year courses leading to appropriate 



Pharmacy. The New York College of Pharmacy, founded in 1831, offering 
courses of two, three and four years leading to appropriate certificates and 
degrees. 

In the Summer Session the University offers courses giving both general and 
professional training which may be taken either with or without regard to an 
academic degree or diploma. 

Through its system of University Extension the University offers many courses 
of study to persons unable otherwise to receive academic training. 

The Institute of Arts and Sciences provides lectures, concerto, readings and 
recitals-approximately two hundred and fifty in number-in a single season 

The price of the University Catalogue is twenty-five cents postpaid Detailed 
information regarding the work in any department will be furnished without 
charge upon application to the Secretary of Columbia Vnwemiy, *ew York, 
N. Y. 
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China at the Conference 

BY 

W. W. WILLOUGHBY 

Professor of Political Science at The Johns Hopkins University 

Octavo. 435 pages. Price $3.00 

This volume, in the form of a semi-official report, will 
take its place along side the author's well-known work 
" Foreign Rights and Interests in China," and will give 
the reader an accurate statement of the results of the 
recent Conference at Washington. 

Besides chapters explaining the reasons for the discus- 
sion by the Powers of the political and international situa- 
tion in the Far East, describing the organization and pro- 
cedure of the Conference, and estimating its results, there 
are chapters dealing severally with each of the important 
subjects discussed in the Conference and regarding which 
Treaties or Resolutions were adopted. In an Appendix 
the texts are given of these important documents. 

Inasmuch as, with the exception of a part of a single 
session which was devoted to the situation in Siberia, the 
entire work of the Conference so far as it dealt with polit- 
ical questions in the Pacific and Far East, was concerned 
with the affairs of China, the present volume gives, in 
effect, a comprehensive account of the work of that Con- 
ference. In order that it may be quite complete in this 
respect there is given in the Appendix the statements 
made— there were no discussions — with reference to the 
Siberian situation. 

The Johns Hopkins Press 

Baltimore, Maryland, U. S. A. 
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THE VILLAGE LABOURER, 17*0-1833 : A Study in the Government of Eng- 
land before the Reform Bill. By J. L. and;Barbara Hammond. Svo. $2.25 
net. 

" There is not a chapter in Mr. and Mrs. Hammond's book which fails to throw 
new light on enclosures or on the administration of the poor laws and the game 
laws, and on the economic and social conditions of the period. ... A few other 
studies of governing class rule before 1867 as searchingly analytical as Mr. 
and Mrs. Hammond's book will do much to weaken this tradition and to make , 
" imperative much recasting of English History from 1688."— 

— Am. Political Science Review. 

THE TOWN LABOURER, 1760-1832 : The New Civilization. By J L. Ham- 
mond and Barbara Hammond, Authors of " The Village Labourer, 1760-1832 : 
A Study in the Government of England before the Reform Bill." 8vo. 

$2 25 net.". 

This volume is the first part of a study of the Industrial Revolution. It 
will be completed by another volume giving in detail the history of the work- 
people in various industries, with a full account of the Luddite rising and of 
the disturbances connected with the adventures of the agent provocateur Oliver- 

" Never has the story been told with such masterly precision, or with 
such illuminating reference to the original sources of the time, as in this book 
.... The perspective and proportion are so perfect that the life of a whole 
era, analyzed searchingly and profoundly, passes before your eyes as you read." 
— The Dial. 

" A brilliant and important achievement. ' The Town Labourer' will rank 
as an indispensable source of revelation and of inspiration." — The Nation 
(London). 

BLACK AND WHITE IN THE SOUTHERN STATES : A Study of the Race 
Problem in the United States from a South African Point of View. By Mau- 
rice S. Evans. 8vo. $3.00 net. 

"This is a sequel to the author's earlier volume. Black and White in 
South East A/rica. It is a product of the same searching insight and the 
same candid observation." — American Journal of Sociology. 

BLACK AND WHITE IN SOUTH EAST AFRICA: A Study in Sociology. 
By Maurice S. Evans. 8vo. $3.00 net. 

Hfe, " An exceedingly lucid statement of the arduous and intricate problem 

«$^ which lies before the people of South Africa in dealing with the native races." 
" l —The Nation. 

Second Edition, brought up to the Spring of 1919. 
THE CONTROL OF THE DRINK TRADE IN BRITAIN. A Contribution to 
National Efficiency during the Great War, 1915-1018. By Henry Carter. With 
Illustrations, Charts, and Diagrams, and a new Preface by Lord D'Abernon 
8vo. $1.75 net. 

His Grace the Archbishop of Canterbury says : 

" The whole position concerning intemperance has been fundamentally 
altered by the war. I would very earnestly and seriously ask any who remain 
unconvinced, either as to the necessity or the practicability of such changes, 
to read one book — sane, cool, lucid, and absolutely well-informed — ' The Con- 
trol of the Drink Trade.' " 
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cussed in the volume, it should be particularly useful "-Wall Street 7oZho7 

THEWORKS MANAGER TO-DAY: An Address Prepared for 
a Series of Private Gatherings of Works Managers. By Sidney 
Webb, Professor of Public Administration in the University of London 
(School of Economic and Political Science). Crown 8vo. $1.35 net 
An examination, in easy lecture form, of the problems of management 
of any considerable industrial enterprise, especially in relation to the or- 
ganization of labor, methods of remuneration, " Scientific Management" 
and " Welfare Work," piecework and premium bonus systems, restriction 
of output and increase of production, the maintenance of discipline, etc. 

THE ECONOMIC HISTORY OF THE UNITED STATES. By 
Ernest Ludlow Bogart, Ph.D., Associate Professor of Economics in 
the University of Illinois. With 26 Maps and 95 Illustrations. Crown 
8vo, $2.00. 

READINGS IN THE ECONOMIC HISTORY OF THE UNITED 
STATES. By E. L. Bogart, Ph.D., and C. M. Thompson, Ph.D., 
of the University of Illinois. 8vo. J3.20. 

A source book which collects in one volume contemporary material 
illustrating the most important economic developments in the country's 
history. The material is arranged as follows : Eight chapters deal with 
the United States before 1808; nine with the period of 1 808-1860; and 
six with the period since i860. 

RAILROADS. In two volumes. By William Z. Ripley, Ph.D. 
Nathaniel Ropes Professor of Economics in Harvard University, author 
of " Railway Problems," etc. 

Vol. I. RATES AND REGULATION, with 41 maps and diagrams. 

8vo. ?4.oo net. 
Vol. II. FINANCE AND ORGANIZATION, with 29 maps and 

diagrams. 8vo. $4.00 net. 

PRINCIPLES OF ECONOMICS: with Special Reference to Amer- 
ican Conditions. By Edwin R. A. Seligman, LL.D. McVickar 
Professor of Political Economy in Columbia University. Eighth Edi- 
tion, Revised (1919). $3.00 net. 

AN ESSAY ON MEDIAEVAL ECONOMIC TEACHING. By 

George O'Brien, Litt.D., author of " The Economic History of Ireland 
in the Seventeenth Century," " The Economic History of Ireland in the 
Eighteenth Century, etc." #4.75 net. 

It is the aim of this essay to examine and present in as concise a form 
as possible the principles and rules which guided and regulated men in 
their economic and social relations during the period known as the 
Middle Ages. 
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INSURANCE AGAINST UNEMPLOYMENT 

With special reference to conditions in Great Britain and the United States of 
America. By Joseph L. Cohen, B.A. Cantab.; M.A., and Gilder Fellow in 
Economics, Columbia University. 18s. Postage Is. 

A comprehensive study of the Problem of the Prevention of Unemployment in the United 
States, Great Britain, and in Burope. 

PROHIBITION IN AMERICA, AND ITS RELATION TO THE PROB- 
LEM OF PUBLIC CONTROL OF PERSONAL CONDUCT 

By Sir Arthur Newsholme, K.C.B., M.D., Author of "Public Health and 
Insurance," &c. ; Lecturer on Public Health Administration in Johns Hopkins 
University; late Principal Medical Officer to the Local Government Board of 
England. Price 2s. 6d. Postage 2d. 

Methodist Times : " We suggest that all who aspire to pass an opinion on the Prohibition 
question should read this book. . . contains a History of the Prohibition Movement and 
a careful analysis of the motives leading to National Prohibition. . . . There is also as an 
Appendix, a Summary of the National Prohibition Act." 

PRINCIPLES OF COMPARATIVE ECONOMICS 

By Radhakamal Mtjkerjee, M.A. , Ph.D., Professor of Economics and 
Sociology, Lucknow University; Premenand Roychand Scholar; Sometime Pro- 
fessor of Economics, Krishnath College, Berhampore; Special Lecturer in Indian 
Economics, University of the Punjab, 1917, late Lecturer in Economics, Post- 
Graduate Department, Calcutta University; Author of " The Foundations of 
Indian Economics." Vol. I ready. Price 15s. Postage 2s. Vol. II will be 
issued early in 1922. Price 18s. With a Preface in French by Raphael- 
Georges Levy, Senateur, Membre de l'lnstitut de France, etc. ; with English 
Translation. 

In the first volume the author examines the principles of economics ; in the second he 
describes the situation in India. 

Several chapters are devoted to the social dynamic, to what has been called the spiral of 
production, to marginal limitations, to evolution, to co-operative productivity studied as a 
new factor in economics, to the laws of consumption. 

PRICES AND WAGES 

An Investigation of the Dynamic Forces in Social Economics. By Percy 
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